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/ JUST RELEASED FOR 
OW SEWAGE SERVICE!... 


Exhaustive tests prove modified Dall 
Flow Tube best differential producer 
for sewage applications .. . 


Exhaustive tests conducted by Builders-Providence, Inc. haye produced 
a modified Dall Flow Tube design which offers sewage installations far 
greater economies of operation. Recognized as the primary device having the 
lowest permanent head loss of any known velocity-increasing differential 
producer, the Dall Flow Tube offers savings in initial cost, installation, 
and operation. 
* Discharge coefficient stable and constant over a wide flow 
range. 
* Durable construction, dependability proven by years of out- 
standing performance. 
* Easily installed due to very short length and comparatively 
light weight. 
* Minimized maintenance, modified design requires only two 
vent cleaners, one at inlet and one at throat. 
If high head loss robs you of adequate line 
pressure at distant points ... or results in exces- 
sive pumping costs over an extended period .. . 
investigate the advantages of the Dall Flow Tube. 
Be among the first to benefit from this new mod- 
ification. For complete data, request Bulletin 
115-L3A. Write Builders-Providence, Inc., 368 
Harris Avenue, Providence 1, Rhode Island. 


© BUILDERS-PROVIDENCE 
B-I-F INDUSTRIES 
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SWING DIFFUSER AERATION EQUIPMENT 


ASSURES DEPENDABLE, CONTINUOUS AERATION 
AND PROLONGED CLEAN DIFFUSER PERFORMANCE 
WITH SUPER-CLEAN AIR FILTER SYSTEM 


Mishawaka, Ind. Sewage Treatment Plant Charles W. Cole & Son, Consulting Engineer 


This modern activated sludge sewage treatment plant, placed in operation in 
1952, has a record of excellent aeration performance. Uninterrupted, depend- 
able sewage aeration, assuring continuous highest oxygenation efficiency avail- 
able as required now or in the future, is provided by Swing Diffuser Aeration 
Equipment with Precision Diffuser Tubes. 

Low maintenance, economical Super-Clean Air Filter System allows less than 
0.09 mg. of dirt per thousand cubic ft. of air, minimizing particulate clogging. 


OVER 10,000 "SWINGS" INSTALLED IN MORE THAN 300 PLANTS TO DATE 
See us in Booths 39 thru 46 at the F.S.1.W.A. Convention, Hotel Statler, Boston, October 7-10, 1957. 


CHICAGO PUMP COMPANY 


Sewage and Industrial Waste Equipment 


Subsidiary of Food Machinery 622 Diversey Parkway 
& Chemical Corporation Mie Chicago 14, Illinois 
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| THE C-E RAYMOND FLASH DRYING SYSTEM... 


reasons why 
it’s your best choice 
for sludge disposal 


IT OFFERS THESE FUNCTIONS: 


1. Drying Only the C-E Raymond Sys- 
tem gives you controlled drying. This means 
that your filter cake is reduced to particles 
uniform in size... low and uniform in mois- 
ture content ... highly suitable for use as a 
fertilizer when sludge characteristics permit. 


2. Incineration ...The Raymond System 
provides the simplest, most efficient method 
of sludge incineration. It produces a sterile 
ash that is free of clinkers ... requires less 
purchased fuel. 


3. Deodorizing ...The C-E Raymond 
System is the only one that offers high tem- 
perature deodorization to remove foul odors 
from combustion gases, as well as from 
sludges holding tanks. 


WITH THESE FEATURES: 


4. Superior Structure... Instead of 
relying on multiple refractory arches, the 
C-E Raymond System utilizes small groups 
of arch bricks individually hung from steel 
supports above and outside the furnace. This 
not only makes arch failure virtually im- 
possible, but permits very rapid start-ups 
and shut-downs .. . offering important man- 
hour and fuel savings. 


5. Economical Operation...This 
system has a proved record of low mainte- 
nance costs. Not only is maintenance neg- 
ligible, but the revenue gained from the sale 
of flash-dried sludge as fertilizer can help 
pay the operating costs of your plant. 


More filter cake is dried and/or burned 
in this system than by all other systems 
combined. 


6. Proved Dependability... More 
than a quarter of a century of use and de- 
velopment in plants throughout the United 
States and abroad has shown the capa- 
bility of the C-E Flash Drying System. 


For detailed information on the C-E 
Raymond Flash Drying System, and how 
it can benefit your community, contact 
the Combustion office nearest you. A C-E 
specialist will be glad to discuss your re- 
quirements with you or your consultants. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 


C-107A 


Eastern Office: 200 Madison Ave., New York 16, N. Y. * Western Office: 510 West 6th St., Los Angeles 14, Col. 


Canada: Combustion E 


ing-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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How to select the 
right flow-measuring device 


Selecting the correct device is simply a matter of 
choosing the one that best meets your require- 
ments. The wide variety of Simplex Primary 
Elements makes this selection easy. 

This table shows you which of Simplex’s stand- 
ard elements performs best under various flow 
conditions. (Not shown are Simplex primary de- 
vices of steel or concrete, designed to meet the 
physical limitations on special jobs.) 


SIMPLEX VENTURI TUBES produce a minimum 
head loss—returning 85% to 90% of the differen- 
tial head developed for meter operation. Since 
pressure differentials are measured between the 


FLOW CONDITION 


main and throat sections, the tubes are smooth, 
true in shape and of accurate diameters to pro- 
duce a stable coefficient of discharge. This gives 
you accuracy over wide flow ranges... accuracy 
within +0.3% if required. 

Write for Technical Bulletins. Simplex Valve 
& Meter Co., Dept. AC-9, 7 East Orange Street, 
Lancaster, Pa. 


SIMPLE X* 


VALVE AND METER COMPANY 
VENTURI TUBES + FLUMES + METERS + GAUGES 
TRANSMITTERS + CONTROLLERS + TABLES + AIR VALVES 


SOLUTION 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE VT—STANDARD VENTURI TUBES 


Cast iron with bronze bushed main piezom- 
eter holes and bronze throat liner. Flanged, 
bell or spigot ends. Inspection opening at 
throat. Special metals for high pressures 
or caustic liquors, corrosive gases, brines, 
etc. BULLETIN 005 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE TG—INSERT TUBES AND NOZZLES 
Withstand high pressures. Fit inside exist- 
ing lines ... permitting light construction. 
This, plus short length, cuts costs. 
BULLETIN 100 


SMALL FLOWS 
OF WATER, GASES 
CORROSIVE FLUIDS 


TYPE TF—MINIATURE VENTURI TUBES 


Machining to .0005” assures accuracy. Main 
diameters as low as %”; throat diameters 
down to .1”. Welded stainless steel models 
for high pressures. BROCHURE 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VTJ—SINGLE TAP VENTURI TUBES 


Single taps at main and throat have bayo- 
net-type valve for fast cleaning. Absence of 
pressure belts prevents clogging. Inspection 
opening at throat. BULLETIN 005 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VS—FOUR TAP VENTURI TUBES 


Four cleaning valves at main and throat 
can be operated manually, by air, or hy- 
draulically to keep piezometer holes clear 
for top accuracy. Two hand holes on each 
pressure belt and inspection opening at 
throat. BULLETIN 005 


LOW-VELOCITY 
SEWAGE, 
HEAVY WASTES 


TYPE VE—ELLIPTICAL VENTURI TUBES 


Developed specifically to accurately meas- 
ure low-velocity sewage, sludge and heavy 
trade wastes—under low pressures. Flat to 
prevents air binding. Flat bottom is self- 
scouring. Inspection opening at throat. 
BROCHURE 


LOW-HEAD 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE S—PARABOLIC FLUMES 


Full 20:1 range for open flows. Accuracy 
+2. Flanged, bell or spigot inlet for 6 to 
36” lines. Integral sediment trap, piezom- 
eter reamer, gauge glass, direct-reading 
flow scale. BULLETIN 801 
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MEMBER ASSOCIATION MEETINGS 


Association 


South Dakota Water and Sewage Works 
Conf. 


Abwassertechnische Vereinigung (Germany) 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 


Rocky Mountain Sewage and Industrial 
Wastes Assn. 


Oklahoma Water, Sewage and Industrial 
Wastes Conf. (Ind. Wastes) 


North Dakota Water and Sewage Works 
Conf. 


Georgia Water and Sewage Assn. 


Missouri Water and Sewerage Conf. 


Place 


Sheraton Cataract 


Sioux Falls, So. Dak. 


Bremen, Germany 


Brown Hotel 
Louisville, Ky. 


LaFonda Hotel 
Santa Fe, N. Mex. 


A. & M. College 
Stillwater, Okla. 


Gardner Hotel 
Fargo, No. Dak. 


Georgia Inst. of Tech. 


Atlanta, Ga. 


Sheraton Jefferson 


St. Louis, Mo. 


Time 


Sept. 11-13, 1957 


Sept. 18-20, 1957 


Sept. 23-25, 1957 
Sept. 23, 1957 

Sept. 25-26, 1957 
Sept. 25-27, 1957 
Sept. 25-27, 1957 


Sept. 29-Oct. 1, 
1957 


THIRTIETH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

New England Sewage and Industrial Wastes Association 
Statler Hotel, Boston, Massachusetts 


October 7-10, 1957 


West Virginia Sewage and Industrial Wastes 
Assn. 


Pacific Northwest Sewage and Industrial 
Wastes Assn. 


Canadian Inst. on Sewage and Sanitation 
Nebraska Sewage and Industrial Wastes 
Assn. 


North Carolina Sewage and Industrial Waste 
Assn. 


Florida Sewage and Industrial Wastes Assn. 
South Carolina Water and Sewage Works 
Assn. 


Oklahoma Water, Sewage and _ Industrial 
Wastes Conf. 


Hotel McClure 
Wheeling, W. Va. 


Franklin Hotel 
Seattle, Wash. 


King Edward Hotel 
Toronto, Ont., Can. 


Clark Hotel 
Hastings, Nebr. 


Sir Walter Hotel 
Raleigh, N. C. 


Roosevelt Hotel 
Jacksonville, Fla. 


Hotel Jefferson 
Columbia, 8. C. 


A. & M. College 
Stillwater, Okla. 


Oct. 24-25, 1957 


Oct. 24-26, 1957 


Oct. 28-30, 1957 


Nov. 7-8, 1957 


Nov. 11-13, 1957 


Nov. 11-13, 1957 


Nov. 15, 1957 


Nov. 18-22, 1957 
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INFILES 


Tucson, Arizona « « P.O. Box 5033 
WATER, SEWAGE AND WASTE TREATING EQUIPMENT SINCE 1894 


PLANTS IN CHICAGO AND JOLIET, ILLINOIS CABLE ADDRESS: 
Sales Offices in Principal Cities Infilco Tucson 


TO THE MAN 
RESPONSIBLE: 


- for MUNICIPAL WATER TREATMENT 


- for INDUSTRIAL WATER TREATMENT 


- for SEWAGE TREATMENT 


- for INDUSTRIAL WASTE TREATMENT 


INFILCO announces a NEW CATALOG, 
to help you select equipment for 
your water and waste treatment 
applications. 


Cross-indexed for quick, easy 
reference to equipment, trade 
names and applications, this 
32-page catalog covers all 
major equipment in the complete 
INFILCO line. It provides a 
source of valuable information 
for you and your engineers. 


Write for Bulletin 80, or con- 
tact our nearest field office. 


INFILCO INC. 


General Offices: Tucson, Arizona 
P.O. Box 5033 


THE ONLY COMPANY impartially offering equipment for ALL types 
of water and waste processing-coagulation, precipitation, sedimenta- 
tion, flotation, filtration, aeration, ion exchange and biological treatment 


Field offices throughout the United States and in foreign countries 57691-A 
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what price water? 


Adrift on a leaden sea, water is life! Right here at home 

many communities are also fighting for water! 

Rapidly increasing populations and steadily mounting industrial 
demands place severe drains on our water systems. 

Many are outdated. 

Fortunately, an average increase of a few pennies a person per 
day in water rates would supply the money to bring many water 


PROOF POSITIVE 


ure life-giving supply for years to 


systems up to date 


? 
come. Isn't it worth it? CAST IRON PIPE SAVES 
Here's what you can do to help. YOU TAX DOLLARS 
> This cow iron weter mein in 
1. Encourage future water planning. a 11141 yours oge te still serving. 
2. Support realistic water rates and water supply bond issues. This is typical amy century = 
cost iron woter moins 
3. Conserve water where you can. Ss cus eines 
Know of any substitute for water? Small wonder where We, 
dopendebility, end economy ore 
musts,” weter officiel: prefer cost 


iron pipe... No. 1 Tex Sever! 


CAST IRON PIPE 


RESEARCH ASSOCIATION curve 2440, PLaza, 1, 


MODERNIZED 
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THE PRICE OF GOOD WATER 
IS PUBLIC COOPERATION 


The more the public understands your problems, the more 


sympathetic and cooperative it becomes to them. 

That’s the purpose of our Cast Iron Pipe Research Association 
advertising.* 

Appeals like the one at the left not only bring America’s water 
problem into sharp focus, they tell the public what to do about it. 


That helps you as well as us. 


Cast tron Pipe Research Association, Thos. F. Wolfe, 
Managing Director, Suite 3440, Prudential! Plaza, Chicago 1, ill. 


* Appearing in: Saturday Evening Post, Newsweek, 
U.S. News & World Report, Nation's Business. 


e2 FOR MODERN WATER WORKS 
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Here’s why Wheeler-Economy Pumps you buy now 


Wheeler's Pump Test Laboratory 
is one of the largest and 
best-equipped inthe world! 
Every Wheeler-Economy 
Pump must pass exhaus- 
tive tests here before it’s 
shipped to a customer. 


f 


Precision venturi meters and weirs 
are used to accurately 
measure pump perform- 
ance. Typical Circulator 
shown here pumps 46,000 
gallons per minute, weighs 
50 tons when filled. 


An indoor ocean which holds 
thousands of gallons of wa- 
ter tests performance of 
pumps with capacities of 
from 10 to over 200,000 
gallons per minute, and 
with total heads to 750 ft. 


may still be operating efficiently in 1982! 


peor 


This is one of many Wheeler- 
Economy Pumps still oper- 
ating efficiently after 25 
years’ service—without re- 
placement of major parts! 
Thorough testing is one of 
the many good reasons. 


A unique part of our facilities 
is channel model testing— 
scale-model construction 
of complete water intake 
tunnel structures to study 
all flow characteristics 
prior to pump sale. 


Another advantage 
Test Laboratory offers is 
the more rapid develop- 
mentofnew pump designs. 
You can depend onWheeler- 
Economy to be first with 
the newest pumps! 


Economy Pump Division 


C. H. Wheeler Mfg. Co. 


19TH & LEHIGH AVENUE 


Philadelphia 32, Pennsylvania 


Centrifugal, Axial and Mixed Flow Pumps + Steam Condensers » Vacuum Equipment » Marine Auxiliary Machinery » Nuclear Products 
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NEW DEVELOPMENTS IN SEWAGE TREATMENT 


New P.F.T. plate ho 


lders are installed quickly, 


without special tools. 


Totally new aeration plate holders 
improve any activated sludge process 


P.F.T. announces the first major advance 
in fine media diffusers in 10 years—new cir- 
cular holders with carborundum plates. 

Plates are quickly installed or replaced 
by hand. A single bolt and wing nut holds 
the entire assembly securely in place. Pro- 
vides a positive seal against air leakage 
around the plates. 

The new P.F.T. circular plate holders are 
made from a special non-hydroscopic asbes- 
tos and asphalt compound. This inert mate- 
rial is not affected by alkaline or acid often 
present in sewage. Ends rust and locking 
problems. 

At the option of the designing engineer, 
the air diffusion assemblies may be arranged 
for servicing without dewatering or remov- 
ing the aeration tanks from service. 

In the P.F.T.-Kraus Dual Aeration Sys- 
tem, operating with the P.F.T. orifice-valve 


for distributed air, and the P.F.T.-Kraus 
Interchange process, these holders provide 
the most economical and efficient activated 
sludge process available today. They can 
also be used to advantage in any aeration 
system using air from blowers. Write for ap- 
plication details to fit your design, or for the 
technical study, Dual Aeration as a Rugged 
Activated Sludge Process, by L. S. Kraus. 


waste treatment equipment 
exclusively since 1893 
PACIFIC FLUSH TANK CO, 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


PORT CHESTER, N.Y, @ SAN MATEO, CALIF. @ CHARLOTTE. N.C @ JACKSONVILLE @ DENVER 
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Lower-Cost Installation 


CHAPMAN SLUICE GATES 


Here’s the way it works. On Chapman Standard Sluice Gates, all 
component parts in more than 300 available types and sizes are 
standardized for each unit. Parts are interchangeable . . . the discs, 
guides, hooks and wedges. You simply write your specifications and 
Chapman can give you a perfect fit fast. There are no extensive 
field alterations. There’s no expensive, time consuming match- 
marking. Your installation costs are cut to the bone. 

Also, Chapman standardized, interchangeable parts are easy to 
replace when necessary. It’s easier to keep your sluice gates in best 
condition. Your maintenance costs go down. 

Consider it seriously. For high or low head, seating or unseating 
pressures, large or small water areas, standardize on Chapman 
Standard Sluice Gates. You'll save money. 

They’re available with manual, hydraulic or electric motor oper- 
ation. Consult our Catalog 25-A ... yours for the asking, of course. 


The CHAPMAN Valve Mig. Co. 


INDIAN ORCHARD, MASSACHUSETTS 
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Transite Sewer Pipe installs fast...to last! 


... keeps installed costs lower... licks infiltration, root clogging 


Transite’s Ring-Tite 
Coupling prevents two 
major sewer line prob- 
lems. It locks out roots... 
seals out ground water! 


Johns-Manville TRANSITE SEWER PIPE courune 


Its Ring-Tite Coupling 
is quickly assembled, 
provides a tight, long- 
lasting seal! 


In a sewer pipe installation, 
you want a good “tight” system 
... and you want it completed 
fast! You get both of these ad- 
vantages as well as long life 
and operating efficiency with 
Transite® asbestos-cement Pipe 
and the Ring-Tite® Coupling. 

Why? Because lightweight 
Transite reduces handling costs, 
speeds work above and below 
ground. Quickly assembled 
with the Ring-Tite Coupling, 
Transite Pipe ends are joined 


easily . . . surely! And to give 
you a tight, long-lasting joint, 
rubber sealing rings in the 
Ring-Tite Coupling are tightly 
compressed between sleeve and 
pipe to lock out roots and 
overcome infiltration problems. 

Another advantage of Tran- 
site Sewer Pipe is its smooth 
interior; its coefficient of flow 
is n=0.010. This results in sub- 
stantial savings—lets you use 
smaller diameter Transite Pipe, 
or permits laying to flatter 
grades. 

Let us send you booklet TR- 
165A. Address Johns- Manville, 
Box 14, New York 16, N. Y. In 
Canada, Port Credit, Ontario. 
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The answer to your problem of municipal 
or industrial pollution, or waste reclama- 
tion, may be found in the new Rex Bulle- 
tin 315-11. This bulletin describes vari- 
ous methods of waste treatment and the 
CHAIN Belt quality process equipment 
available to perform these functions re- 
liably and efficiently. 

If your specific problem is sludge or 
scum removal from rectangular tanks, the 
new Rex Bulletin 315-61 describes in de- 
tail the proved Rex Conveyor Sludge Col- 
lectors and Skimming Equipment which 
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WASTE TREATMENT EQuIPM i 
reference 
bes library an 
waste 
treatment 


will do the job in the best possible way, 

You or your engineers will find these 
two new bulletins helpful in selecting 
waste treatment equipment. 

For data on other Rex products for 
waste and water treatment, detailed bulle- 
tins are available. These bulletins will 
help you select and specify the proper 
equipment for the job...equipment de- 
signed and built in the CHAIN Belt tra- 
dition of quality engineering and manu- 
facture. Many of these bulletins include 
engineering and selection data. 


| CHAIN Belt Compan 
Complete your "reference library" today. | 4606 West Greenheld Ave. | 
Send the coupon for these new bulletins, or Milwaukee 1, Wisconsin | 
other bulletins, that can help you with | Please send the bulletins checked as follows: | 
your problems of waste treatment. | C0) 315-11 “Waste Treatment Equipment” | 
| OJ 315-61 “Conveyor Sludge Collectors” | 
. 
Milwaukee 1, Wisconsin | 1ddress OSCR ETO Re 
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assures you of 
efficient operation, 
2w maintenance cost, and 
replacement parts when 
needed in years to come. 


IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


1OWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


For 45 years a reliable source for 
precision engineered products 


CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


1OWA FLAP VALVES—al! 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


White Tovay fou 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


| IOWA vacve company 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 
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Big screen of EVERDUR 
serves new 4,000,000-gallon 
well in Plymouth, Mich. 


In developing a new source of water to meet 
growing community needs, Plymouth, Mich., 
more than doubled the capacity of its water 
system with a single well capable of provid- 
ing 4,032,000 gallons per day. 

The new well is 110 feet deep, has an 18- 
inch casing, and a Johnson Everdur Well 
Screen 1614” in diameter by 32’, 14” long. 
Edward E. Johnson, Inc., St. Paul, Minn., 
fabricates tough, corrosion-resistant well 
screens from specially shaped Everdur 
wire and rod by a unique automatic weld- 
ing method. Johnson welded Everdur screens 
have proved their durability by years of serv- 
ice in large-« apacity wells. 


Everdur” resists corrosion. Sewage-treat- 
ment and waterworks equipment of Everdur 
has been in service without replacement for 
20 vears and longer. 


@ Everdur is tough. Everdur also possesses 
high mechanical strength and resistance to 
wear and abrasion—so that engineers can de- 
sign light-weight, wrought-metal equipment. 


@ Everdur is readily fabricated. Alloys are 
available for hot or cold working, welding, 
free machining, forging, and casting — and 
can be obtained in plates, sheets, rods, bars, 
wire, tubes, electrical conduit, and casting 
ingots. 


® Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage Treatment 
and Waterworks Equipment”—or for techni- 
cal help in selecting the correct material for 
your job. Address: The American Brass 
meer! Company, Waterbury 20, Conn. In Canada: 


Johnson Well Screen of Everdur Anaconda American Brass Ltd., New Tor- 
being lowered into the new 4-mgd well onto. Ont. 
at Plymouth, Mich. 


° ~ 
*Reg. U. S. Pat. O 57132 


STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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Corp., and Lou Motz, Pumping Station Supervisor, Cincinnati Maid Pumping Station, check pettorinance of Worthington 
' r Earle represented one contact—one responsibility for the pumping equipment. We believe you too will find it advantageous 
to deal co ‘the Man fri m Worthington. Cincinnati Water Works. Main Pumping Station. Consultants: Black and Veatch. Kansas City, Mo. 


These Freflo sewage pumps typify hun- 
dreds of Worthington equipped treat- 
ment plants. 


You benefit two ways when you deal 
with Worthington — world’s leading 
builder of public works equipment. 


An unbiased recommendation. Because 
Worthington makes all types of pumps 
and drives and a complete line of en- 
gines, compressors, comminutors and 
auxiliary equipment, you get equip- 
ment recommendations based on a 
broad look at all ways of doing the 
job. You have a choice, for example, 
of either vertical or horizontal cen- 
trifugal pumps. In many other ways 
— some small, some major — the 
Worthington line lets you tailor the 
equipment to the specific require- 
ments of your plant. 


with Worthington 


Unit responsibility. You do business 
with one company—eliminating delays 
and inconvenience that can occur 
when you are forced to coordinate the 
efforts of several suppliers. Unit re- 
sponsibility by Worthington saves you 
time and money. 

Small or large, you'll do better by 
consulting Worthington. For more in- 
formation call your nearest Worth- 
ington District Office. Or write to 
Section W-71, Worthington Corpora- 
tion, Harrison, N. J. 


WORTHINGTON 
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Open Channel Meters 


for trouble-free low cost measurement of 


Sewage, Industrial Wastes, Sludge, Irrigation, Water Supply 
Bailey Meters offer these advantages — 


3 
4. 
5 


a¢ 


i. 


8. 


For further information on how Bailey Meters 
can meet your needs, ask for Bulletin M22-5. 


Remotely Located Registers 


> poise Bailey Meter Company 

1066 Ivanhoe Road 
Meters and Controls for Sewage and Water 

Direct Mechanical and 


Easy to Install and Maintain 
2. Retain Accuracy 

3. Self Cleaning 

Adjustable Capacities 

. Totalize Multiple Flows 
Chemical Feed Control 

Flow and Ratio Controls 


Cleveland 10, Ohio 


Nozzles 
Air-Operated, Electronic and Electric Controls 
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hearing-smooth 
OPeration.. p.us 


A TIGHT SEAL 


Plug rotates as journal 


PLUG VALVES 


The cylindrical plug of your QCf valve fits and 
turns in the valve body with the same ease and smooth- 
ness as a shaft in a journal bearing. The plug rides 
freely on a film of lubrication to provide a tight seal 
without binding. 


A patented head gasket, made of Teflon*, is backed 
» by the lubricant and provides a dead-tight head seal. 
Self-lubricating Teflon reduces friction between plug 

and body at the head to further minimize turning torque. 


When you specify Q@Cf Lubricated Plug Valves 
in new—or replacement—installations you will save 
money initially, and later on repairs and maintenance. 


QCf valves are available in semi-steel, carbon steel, 
bronze, and aluminum. 


Ask your Industrial or Mill Supply Distributor for 
acf Valves. 

Sizes: 1/,” through 30”. 

Pressures: Semi-steel; 175 lbs. WOG to 500 lbs. WOG. 
Carbon steel; ASA 150 and ASA 300. 


QCf Valves 
for easy, positive action 


W-K-M 


PLANT: MISSOURI CITY, TEXAS 
MAILING ADDRESS: BOX 2117. HOUSTON. TExaS 


Write Dept. Q-9 for new ACF 
Valve Catalog 400. 


8708 
(MAMUEACTURERS OF K™ GATE VALVES Ri OCf LUBRICATED PLUG VALVES 
acf Rectangular Port Valves in pump room CY sree KEY RETURN BEMOS AND FITTINGS 

of California sewage disposal plant. “buPont's tetrafivercethylene resin. OCF is a registered trademark of ACE Industries, Inc 
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First Choice Coagulant of 
Most American Municipalities 


For Water Treatment 


Produces crystal-clear water 

Gives better floc formation 

Promotes better settling and longer filter runs 
Aids in reduction of tastes and odors 

Has no chlorine demand 

Is a low-cost coagulant 

Superior in tests against other coagulants 


High in quality. Its constant uniformity can be depended 
upon 


for Sewage Treatment 


Clean, easy to handle 

Dry feeds well or dissolves readily for solution feeding; 
liquid alum also available in many areas 

Clear, colorless effluents are possible 

Simple application. Requires only low-cost feeding ap- 
poratus and minimum attention 

Sludge digests readily 

Treated digested sludge dries quickly with a minimum of 
odor 

Chlorine consumption is cut due to lower demand of clari- 
fied sewage 

Economical to use 


treated with 
GENERAL 
CHEMICAL 


“ALUM” 


PRODUCED NEAR YOU! General Chem- 
ical’s network of 25 Aluminum Sulfate 
plants assures prompt shipment any- 
where, anytime. Here is a source to rely 


on... in day-to-day operations and in 
emergencies! From every standpoint, 
General Chemical Alum is 


the wise choice in coagu- 
lants. Make it yours! 


Basic Chemicals 


for American Industry 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Atlanta + Baltimore + Birmingham «+ Boston + Bridgeport +« Buffalo 
ro Cleveland + Denver Detroit Greenville (Miss.) + Houston 


ksonville Kalamaz Los Angeles + Milwaukee + Minneapolis + New York 


Philadelphia + Pittst urgh + Providence San Francisco. Seattle- St. Louis. Yakima (Wash.) 
In Canada: The Nichols Chemical Company, Limited « Montreal ~ Toronto + Vancouver 
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Get waste treatment off to a 
safe start... with LINK-BELT screens 


eee for 
removal of 
large solids 


Pd THRU-CLEAN SCREENS. STRAIGHTLINE SCREENS. TRITOR SCREENS. Com- 

wr Automatic, chain-operated Automatic, cable-operated bined screen and grit 

rakes clean from down- rake cleans from up- chamber saves smaller 

Ys Stream side, are designed stream side, assures clean, plants the cost of sepa- 

to eliminate jamming by positive screenings  re- rate units to remove large 

Ps debris. Vertical mounting moval. Easily accessible— solids and detritus. Shred- 

Pd minimizes friction between no moving parts are der for screenings can be 
rakes and bars. mounted under water. provided, if desired. 


7; ROTARY DRUM SCREENS. LIQUID VIBRATING 
gs Effectively remove fine SCREENS. For thorough 

solids from large vol- removal of fine solids 

umes of water. These from industrial liquids. 

screens are best suited High-energy vibration pro- 

we to installations where a vides a_ relatively dry 


product with minimum 
blinding or clogging. 


< fixed water level can be 
or sma 
eee 4 


REVOLVING DISC SCREENS. 
For applications similar 
to rotary screens, 
but where volume is less. 
Simplified design contrib- 
utes to ease and economy 
of installation. Very little 
maintenance required. 


HERE coarse or fine solids threaten to clog or 
W dimen subsequent equipment . . . where stream 
pollution must be prevented or valuable by-products 
can be recovered — efficient waste treatment begins 
with a Link-Belt screen. This broad line is your as- 
surance of an impartial recommendation based on 
the specific nature of your waste. For full data, contact 
your nearest Link-Belt office or write for Book 2587. 


LINK‘©)-BELT 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Prin- 
cipal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 14); Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs. Repre- 
sentatives Throughout the World 14.597 


SEE OUR EXHIBIT—FED. OF SEWAGE AND INDUS. WASTES ASSNS.—BOSTON—OCT. 7-10 
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Sewage plants all over America are getting 


lowest cost per year service by 


© 100% Pipe Area 
e Stick-Proof 
Quarter-Turn 


Sewage plants that use 100% Pipe-Area 
Homestead Lubricated Plug Valves, have 
taken a big and important step toward 
assuring low operating costs. Pumps are not 
overworked on restricted lines. Maintenance 
costs are kept low by Homestead’s controlled 
high pressure lubrication system, which pro- 
tects all sealing areas against corrosion, and 
automatically frees the plug for instant 
turning. Control is quick and efficient. A 
quarter-turn of the lever fully opens or 
closes the valve; thus simple low cost units 
may be used for power operation or remote 
control. 

Reference Books 39-5 and 39-5A give full 
information about Homestead Lubricated 


MAIL THIS COUPON 


OMESTEAD vaive manuracturn 


P.O. BOX 48 = “Serving Since 1892" 


Homestead Lubricated Plug Valves on lines handling digested sludge to vacuum filters. 


SEWAGE AND INDUSTRIAL WASTES 


installing 


Plug Valves—sizes, types, metals, lubri- 
cants, and how to specify or order. You may 
have copies without obligation; so why not 
mail the coupon now? 


Please send me Valve Reference Books No. 39-5 
and 39-5A. 


Nome Title 


Company 


Address 


City State 


CORAOPOLIS, PA. 


| 

4 

STEAD 

PLUG VALVES & 

| 

- 


SEWAGE AND INDUSTRIAL WASTES 


FOR THOSE SMALL JOBS 
Smith Loveless 
“MON -O0- JECT’ 

FACTORY-BUILT 
SINGLE PNEUMATIC SEWAGE 


MAKERS OF WATER 


REPRESEN 


EJECTOR 
STATION 


Provides automatic 
* 


quip on 

tions of 200 G.P.M. or 
less for the modest 
budget. Requires a min- 
imum of space. 
Completely automatic, 
extra large air storage, 
made of the very finest 
materials to meet the 
same high standards 
set by all Smith & 
Loveless products. 
Installed underground, 
eliminates unsightly sur- 
face structures. 
Cutaway drawing 
shows the operating 
cycle of the “MON-O- 
JECT”. 


Write for the S&L 
data manvol. 


TATIVES IN 


AND SEWAGE TREATMENT EQUIPMENT For job 


Smith & Loveless, Que. 
P.0. BOX 8884 KANSAS CITY 15, MO. 


PRINCIPAL 


Smith & Loveless 
FACTORY-BUILT 


SEWAGE 
PUMPING STATIONS 


Early in 1954, after comparison of advantages and 
costs by Sheppard, Morgan and Schwaab consulting 
engineers of Alton, Illinois, the City of Granite City 
purchased, through the General Contracting Com- 
pany of Granite City, six Smith & Loveless Factory- 
built Sewage Pumping Stations. Subsequent city 
growth and expansion has necessitated additional 
facilities. Past experience with six Smith & Loveless 
pumping stations led to the installing of additional 
Smith & Loveless equipment. 


Additional orders from original customers is truly 
proof of satisfaction. 


Smith & Loveless makes a standard line of factory- 
built sewage stations to fit most normal installations. 


CHECK THESE ADVANTAGES... 

e Proven quality with factory-built savings 

@ Integrated design proven by the test of time 

@ Automatic dehumidifier to eliminate condensation 
e Central control cabinet, prewired, color coded 
@ Precision assembled by factory experts 


e Shot blasted steel structure, protected by 
“Versapox” coating and anodes 


@ Designed for minimum maintenance 
e Factory tested and adjusted before shipment 
@ Delivered direct to job site 


recommendations, 
complete specifications and 
drawings, all port of the 
lotest edition of the Smith & 
loveless lift station data 
manuvol. 


WRITE DEPT. 30 
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sewage 
treatment 


good 


Can sewage treatment plants be good neighbors? 

Yes— if the housekeeping is good, and all sewage 
too ee solids are reduced to ash immediately in Nichols 
Herreshoff Multiple Hearth furnaces. 

As illustrated here, the necessity of building 
sewage treatment plants adjacent to residential 
areas is becoming more prevalent. These plants 
must not offend their neighbors with odors, smoke 
or fly ash. 

Modern Nichols Herreshoff furnaces convert by 
high temperature combustion all putrescible solids 
of sewage—grits, grease, screenings and sludge 
—to clean, innocuous gases and inert ash. 

Yes, sewage treatment plants can be good 
neighbors. 


Iustrated here ore two views of the West New 
York, N. J, sewage treatment plant, Nichols 
Herreshof equipped 

CONSULTING ENGINEER: Frank J. Oleri, West 
New York, N. J. 
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Greenville, §.C. Builds for 1990 
with CLAY PIPE 


The new sewerage program now underway in 
Greenville looks far into the future of this 
fast-expanding area. Existing main and outfall 
sewers are being paralleled by larger ones 
designed to serve the community until 1990, 
or until the present 130,000 population has 
grown to 233,000. Greenville is following the 
pattern of hundreds of other cities which are 
building for the future by specifying the 
guaranteed pipe— Vitrified Clay. The total 
project will cost $3,500,000. 

“Because of the character of the wastes 
handled and expected to be handled by the 


NATIONAL CLAY PIPE 
MANUFACTURERS, INC. 
1820 N. Street, N.W., Washington 6, D.C. 
206 Connally Bldg., Atlonta 3, Ga. 

100 N. LaSalle St., Rm. 2100, Chicago 2, tll. 
703 Ninth & Hill Bldg., Los Angeles 15, Colif 
311 High Long Bldg, 5 E. Long St., Columbus 15, Ohio 


THE PUBLIC 


KNOWS 


CLAY PIPE IS BEST 


sewers,”’ reports Superintendent E. D. Fry of 
the Greater Greenville Sewer District Com- 
mission, “it is the policy of the Commission 
to use Vitrified Clay Pipe wherever possible 
and to require it to be used by the subdivisions 
of the sewer district.”’ Clay Pipe is the only 
pipe that never wears out. 

Consulting Engineers 

Wid and Singlet 

Contractors 

A. H. Guion & Co., Peden Construction Co., 

Glenn Construction Co. 


Greater Greenville Sewer District Commission 
E. D. Fry, Supt. 
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Industrial Waste Dept. W-512 
GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mig. Co., Inc. 

216 West 14th Street, New York 11, N. Y. 
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pivision OF UNITED AIRCRAFT CORPORATION 
: STRATFORD, CONNECTICUT 
November 15, 1956 

hy 
industrial waste Treatment Dept: i 
Graver water conditioning Co. 2 
Be 
gentlemen? 
- act You will be interested in the results of a recent, nation= 
wide survey of state Health and Water Pollution agencies: 

a ‘ The aim of tnis survey was to compose a National Honor Roll ae 
ud of the most prominent gndustrial waste treatment projects 
ion put into operation auring 1955-1956- 
The sikorsky was nich include five Graver 
Rota-Rake Sedime 1 of plating 
and other wastes? ing plant in 
the State of connect icut- 
oa | very truly yours, 

 NHD:SS Ne1son H- Downs | 

GRAVE! = 
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Cities 


Choose 
Concrete 
Pressure Pipe 
With 
Easy - Fitting 
Rubber 
Gasket 


Joints! 


Far-sighted water planners in America’s growth cities choose 
dependable, economical Concrete Pressure Pipe, with easy-to- 
install Rubber Gasket Joints, as a permanent, money-saving 
answer to metropolitan growth problems. 


There’s no bolting, caulking or welding with Concrete Pressure 
Pipe, pioneer of the rubber gasket joint for water works and 
sewage pipe. You can backfill quicker from minimum width 
trenches, saving hours and dollars on every job. 

Due to its high resistance to corrosion and tuberculation, Con- 
crete Pressure Pipe sustains its high initial carrying capacity 
throughout its unusually long lifespan. Specify it for your city 
and save money all along the line! 


In the main — the trend is to concrete! 


American Concrete Pressure Pipe Association 
228 North LaSalle Street Chicago 1, Illinois 


Member companies manufacture Concrete Pressure Pipe in accordance with 
nationally recognized specifications. 
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NEW DEVELOPMENTS IN SEWAGE TREATMENT 


Compressor housing with controls and motorized valves 


heart of the P.F.T.-Pearth 


gas recirculation system. 


Eliminate scum, improve digestion with 
P.F.T.-Pearth gas recirculation system 


This new gas recirculation method eliminates 


scum, thereby increasing digester capacity. 
Compressed digester gas is injected through 
properly spaced disc harge wells into the zone 


the shake 


loose, causing solids to sink into the active 


below scum layer. Entrained gases 
digestion area. This also hastens the digestion 
process, 

There are no moving parts in the digester. 
and no restrictions in the open end gas dis- 
charge piping. Hence, no danger of mechanical 


failure or clogging with this trouble-free system 


Low cost insurance against 
possible scum diffic ulties Fu- 
ture installation of Pearth 
system, without interruption 


of digester operation, tS sim- 


ple an d economi¢ al hen op 
wells are 


tional discharge 


specified for neu P.F.T 
Floating Covers. 
PORT CHESTER, N.Y. * SAN MATEO, CALIF 


all necessary explosion controls, low and high 
pressure 


supplies the special gas compressor, 


gas safety controls, and all intercon- 


necting and discharge piping. This improved 
system is the most efficient, yet least costly. 


method of scum 
through P.F.T. 


or as an 


control. It is available only 
either as an 


the 


integral part of. 
attachment to standard P.F.T. 
Floating Cover. 

For additional information, write today for 
the illustrated technical study, “Scum Control 


in Sludge Digestion.” 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


CHARLOTTE, N.C. * JACKSONVILLE « DENVER 
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[78 nV/ It's from lDorr-Ourven 


A radically new and different approach to the treatment 
of domestic sewage and industrial wastes, the Dorr- 


SP/ROVORTEX Oliver SpiroVortex System contains many definite and 
: proven advantages. It is especially suited where 90% 


Wy, 


B.O.D. removals are required. The headaches caused by 
bulking of sludge are eliminated as this new System produces 
an excellent settling sludge, regardless of whether the plant 


is overloaded or is operating under normal conditions. The 

Incorporating high recirculation ratio over the Superate Filter means 

The Superate greater ability to handle changes in raw sewage characteris- 
tics under shock load conditions. 

Filter For a more complete picture of how the new Dorr-Oliver 


SpiroVortex System operates, write for a copy of Bulletin 
No. 7314 just off the press. Dorr-Oliver Incorporated, 
Stamford, Connecticut 


SpiroVortex System and Superate Filter 
ore trodemarks of Dorr- Oliver incorporated 
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Sewage Works 


NEW TECHNIQUES FOR THE DETECTION OF 
DEFECTIVE SEWERS * 


By KENNETH W. Brown Davin H. CALDWELL 


Consulting Engineers, Brown and Caldwell, San Francisco, Calif. 


In the course of developing a long- 
range program of sewerage improve- 
ments for the Central Contra Costa 
Sanitary District, which serves a large 
suburban area about 20 miles east of 
San Francisco Bay, it became neces- 
sary to undertake a study of condi- 
tions leading to excessive infiltration 
during, and immediately following, 
periods of heavy rainfall. As a part 
of that study, which was undertaken 
in the spring and summer of 1955, 
two new techniques were developed for 
the examination of small-diameter sew- 
ers and the detection of defects con- 
ducive to storm-water inflow. Of 
these techniques, the first involves in- 
terior photography by means of a 
stereoscopic type of camera trans- 
ported on a sled and the second in- 
volves the detection of leaks by the 
application of air under pressure. 


Definition of Terms 


As used in this paper, the general 
term, ‘‘infiltration,’’ denotes the flow 
or movement of water through the in- 
terstices or pores of a soil or other 
porous medium and its entrance, by 
reason of leakage, into a sanitary sewer 
through cracks, breaks and defective 
joints. The term, ‘‘storm infiltra- 
tion,’’ on the other hand, denotes a 
rapid short-term entrance of ground 
water into sanitary sewers, including 
house connections, during or shortly 


*Prepared by the staff of Brown and 
Caldwell. 


subsequent to a rainstorm. As a gen- 
eral matter, both infiltration and 
storm infiltration may be expressed 
quantitatively in the usual terms, such 
as gallons per acre, gallons per minute 
or gallons per capita per day. 
‘*Lateral sewers’’ are defined as 6- 
in. sewers collecting sanitary sewage 
from house connections alone, while 
‘‘branch sewers’’ have one or more 
lateral sewers tributary to them. 
Thus, branch sewers are intermediate 
between laterals and trunks, and vary 
in diameter from 8 in. to about 15 in. 


Preliminary Studies 


Prior to the beginning of work on 
the long-range program, the engineer- 
ing staff of the sanitary district 
studied parts of the service area in an 
effort to define more closely the causes 
of the infiltration problem. These 
studies included the examination of 
roof leaders and yard drains; the in- 
spection of flushing manholes for storm 
water inlets; and the procurement, 
during major storms, of depth of flow 
measurements in sewers suspected of 
being prime contributors to infiltra- 
tion. 

Despite the valuable results obtained 
from the preliminary studies, they 
nevertheless failed to yield certain in- 
formation essential to a workable solu- 
tion of the infiltration problem. As a 
consequence, provision was made in 
the sewerage survey project for a fur- 
ther and more detailed investigation of 
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all influencing conditions. To that 
end four principal objectives, all 
aimed at developing the lacking data, 
were established as follows: 


1. A more exact determination of 
the magnitude of storm infiltration. 

2. A determination of the effect of 
storm infiltration on the sizing of sew- 
age collection and treatment facilities 
needed now and in the future. 

3. A determination of conditions 
permitting infiltration. 

4. A determination of the feasibility 
of reducing infiltration to reasonable 
proportions. 


To achieve the above objectives, the 
survey program provided for system- 
atic storm-flow measurement, for de- 
velopment and application of methods 
of locating points of ingress during 
dry weather, and for evaluation of all 
data thus obtained. 


Measurements of Infiltration Rates 


Since time and economic considera- 
tions would not allow a detailed study 
of the entire service area, a smaller 
subarea with a population of about 
10,000 persons was selected for anal- 
ysis. In addition, limited studies were 
conducted in other parts of the service 
area for corroborative purposes. 

Ten metering stations were estab- 
lished in the selected area. Flow 
measurements at each of these stations 
were obtained by means of weirs, with 
the weirs installed at an elevation suffi- 
cient to cause surcharging of the up- 
stream sewer. This arrangement made 
it possible to reduce approach veloci- 
ties and thus to obtain fairly accurate 
readings. Surcharging of house con- 
nections in these sections was obviated 
by the prevailing steep slopes from 
houses to sewers. 

Data obtained at eight of the se- 
lected metering stations are presented 
in Table I along with pertinent de- 
seriptive information. Infiltration 
quantities shown there are the peak 
rates for five rainstorms occurring in a 
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57-day test period during which the 
maximum rainfall intensity was ap- 
proximately 0.4 in. per hour. As indi- 
eated, the weighted average peak rate 
for the eight zones was 3,650 gal. per 
acre per day. Values as high as 7,500 
g.p.a.d. were recorded. 

It was evident from the flow measure- 
ments that there is no prolonged mas- 
sive infiltration of ground water in the 
tributary areas and that, in general, 
flows return to normal within about 30 
hr. after the cessation of rainfall. On 
the other hand, it was equally evident 
that the sewers in question are defi- 
nitely susceptible to storm infiltration. 
Additionally, the measurements indi- 
eated a lag of approximately 2 hr. be- 
tween the beginning of a rain storm 
and the appearance of high storm- 
water flows at the measuring points, 
whereas the maximum time of transit 
through the sewers was estimated to be 
about 40 min. This difference seemed 
to eliminate illicit storm drains as the 
major contributor to storm infiltration. 

The short but comparatively well 
defined time period between the be- 
ginning of rain and the appearance of 
storm water in the sewers, plus the 
moderately rapid decline in the flow 
rate following the cessation of rain, led 
to the conclusion that there must be 
openings in the sewers which are ac- 
cessible via porous media. Three types 
of such media might well be operative 
under local conditions. These are: 


1. Foundation subdrains illegally 
connected to house drains or perhaps 
directly to sanitary sewers. 

2. Leaching fields of abandoned sep- 
tic tanks which are connected via a 
house sewer to a sanitary sewer. In 
such cases, high ground water may 
cause a reverse flow from the leaching 
field to the sewer. 

3. Unconsolidated or coarse backfill 
materials in sewer trenches through 
which rain water may more or less 
readily find its way into sewers 
through cracks and defective joints. 
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TABLE I.—Summary of Peak Infiltration Measurements 


Tributary Area 1,000 in.-ft. of Sewers Peak Rate 
Test 
one Servi 
a. (approx. Date Con-) Type of | Lateral | Branch | House | Total | (m.g.d.) | (g.p.a.d.) 

1° 190 228 10/51 | Cement 124 33 82 239; 1.1 5,800 

2° 39 7 11/53 | Cold 27 — 3 30; 0.02 510 
mastic 

3* 346 384 _ — 218 52 138 408; 1.3 3,760 

4* 19 13 9/53 | Hot 12 — 5 17} 0.04 2,100 
poured 

5 808 855 -—- — 518 231 308 1,026; 3.0 3,710 

6* 443 457 7/50 | Cement | 290 190 165 645| 1.7 3,840 

7 415 358 9/52 | Cement | 316 18 129 626; 1.3 3,130 

8 40 57 3/52 | Cement 38 23 21 82; 0.03 7,500 


Total | 1,263] 1,270 


872 | 435 458 1,734} 4.33 — 


Weighted average 


* This zone is tributary to larger test zone downstream. 


Investigations During Dry Weather 


It was obvious from the wet weather 
findings that the data then obtained 
would require supplementation by a 
systematic study of sewer conditions 
during dry weather. Among the meth- 
ods considered for that purpose, but 
later discarded, were those of smoke 
testing and of televiewing sections of 
sewers suspected of leakage. 

A few smoke tests were made using 
a portable blower to introduce a smoke 
and air mixture into a manhole. 
Smoke for this purpose was generated 
by means of a pyrotechnic bomb de- 
veloped initially for military use as a 
smoke signal. In general, this method 
proved to be unsatisfactory because 
there are no sidewalk traps on the 
house connections and the smoke es- 
ecaped through the house vents. In a 
few instances, however, satisfactory re- 
sults were obtained by applying a 
smoke and air mixture through equip- 
ment designed especially for the air 
testing technique. With the house 


connections plugged, smoke applica- 
tion by this method was found to be 
useful in detecting gross leaks result- 
ing from faulty joints, severe cracks, 
and other imperfections. 


Use of an industrial-type television 
camera received serious consideration 
because such a ¢amera would enable 
controlled viewing of sewer defects and 
would make it possible also to obtain 
a permanent photographic record. 
Preliminary tests of this method, made 
in a short length of vitrified clay pipe, 
gave proof of its ability to discern 
fine cracks in pipe surfaces. A prob- 
lem developed, however, in that it was 
seemingly impossible to find a source 
of light which would not interfere with 
the television image. As a_ conse- 
quence, and because of the time it 
might take to find a solution to the 
lighting problem, this otherwise meri- 
torious method had to be discarded in 
favor of other techniques. 

Following an investigation of the 
various possibilities, the program of 
sewer examination finally adopted con- 
sisted of three separate operations: 
(a) photographing the interiors of 
sewers to show their physical condi- 
tion; (b) testing by air pressure to de- 
termine the significance of defects as 
related to storm infiltration; and (c) 
uncovering and examining a limited 
number of the air-tested sections to de- 
termine the nature of the defects. 
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966 SEWAGE AND 
Examination of Sewers by 
Photography 


Photography of sewer interiors was 
undertaken for two purposes: (a) to 
determine alignment and the condi- 
tion of joints and pipe surfaces; and 
(b) to fix accurately the locations of 
house connection saddles and wyes and 
thus facilitate subsequent air testing. 

Sewer photography is not a new or 
novel operation, although it has been 
confined in the past to large lines in 
which it was possible to float a camera 
on a raft. In the particular section 
of the Contra Costa system selected 
for photographic examination, it was 
impossible to use this type of equip- 
ment because of the preponderance of 
6-in. vitrified clay pipe. The problem, 
therefore, became one of developing a 
completely new technique. 


Camera Development 

Consideration was given first to a 
commercially available spring-operated, 
single lens 35-mm. camera which could 
be mounted on a sled and pulled 
through the lines from manhole to 
manhole. This particular camera, 
being limited to 55 exposures, re- 


stricted to about 100 ft. the length of 


FIGURE 1.—Small sewer camera and 
housing. Electronic flash unit is located 
above twin lenses. Steel skid is one of the 
two used in large sewers. 
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sewer which could be photographed 
without the necessity of removal and 
reloading. Since the average manhole 
spacing is in excess of 300 ft., making 
the use of such a camera impracticable, 
it was decided instead to investigate 
the possibility of taking pictures with 
a twin-lens stereoscopic camera de- 
veloped by a commercial photog- 
rapher * for the interior examination 
of oil and water wells. 

A test run with the water-well cam- 


era was made in one of the branch 
sewers. Stereoscopic slides thus ob- 


tained were entirely satisfactory and 
demonstrated the adaptability of this 
type of camera to sewer photography. 
Since the water-well unit, however, is 
about 48-in. in length by 6 in. in diam- 
eter, it was necessary to develop and 
build a new camera for use in 6-in. 
sewers. 

As finally constructed, the new and 
smaller camera (Figure 1) is 21 in. in 
length by 41% in. in diameter and is 
equipped with dual wide-angle lenses, 
an electronic flash unit, and an electric 
motor-driven film advance. Exposure 
and automatic film advance are con- 
trolled by a switch which is above 
ground and is connected by wire to the 
eamera. Work with this camera was 
started on July 5, 1955, and proved 
highly successful in ranging 
from 6 in. to 36 in. in diameter. 


sewers 


Method of Use 


Both the camera and the method 
of using it for sewer photography are 
illustrated in Figure 2. As finally de- 
veloped, the procedures for necessary 
preliminary work and for photography 
were as follows: 


1. Each section to be photographed 
vas cleaned a day or two in advance 
and a 14-in. manila rope, securely 
fastened in the manholes at both ends 
of the section, was left in the sewer. 

2. Immediately prior to photog- 

* Claude Laval, Jr., 545 Clinton St., Fresno, 
Calif. 
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FIGURE 2.—Diagram of sewer photography procedure. 


raphy, a 7/32-in. steel cable and in- 
sulated wire cord were pulled through 
the cleaned section by means of the 
manila rope. The camera was then 
connected and a tag rope attached. 
Equipment required for handling the 
camera is shown in Figure 3. 

3. As the camera was drawn through 
the cleaned section, usually from the 
lower to the upper manhole, photo- 
graphs were taken at 2-ft. intervals in 
sewers 6 to 10 in. in diameter, and at 
3-ft. intervals in sewers 12 in. or more 
in diameter. To keep the lenses rea- 
sonably free of sewage, the camera was 
pulled through the sewer with the 
lens end facing downstream. 


During a 12-day period of use, 
photographs were taken of 6,000 ft. of 
sewers in 25 different sections of the 
system. Of the various conditions re- 
vealed by this work, the most signifi- 
eant from the standpoint of infiltra- 


tion were the following: 


1. A number of longitudinal cracks 
in a 15-in. sewer under a deep fill and 
above a culvert. 

2. Several lateral cracks, especially 
where saddles had been made for house 
connections. 

3. Root growths in a number of sew- 


ers. 
4. Misalignment of joints in many 
sewers. 


Results Obtained 


Despite the variety of defects dis- 
closed by the photographs, and even 
though some of the sewers were known 
to be heavy contributors of storm in- 
filtration, the total number of defects 
was actually very small. It was evi- 


dent, therefore, that infiltration was 
due either to conditions not revealed 
by the photographs of the sewers or to 
some other cause, presumably defects 
in house connections. 

Stereoscopic negatives obtained by 
means of the Laval camera give very 


FIGURE 3.—Equipment for handling 
camera at upstream manhole. 
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FIGURE 4.—Badly cracked lateral where two house connection saddles were placed in 
same section of pipe. 


good depth perception when seen 
through a suitable viewer. On the 
other hand, the single positive prints 
used herein for illustrative purposes 
(Figures 4 and 5) lack definition be- 
cause of the method of reproduction 
and are not properly representative 
of the truly excellent results obtain- 
able with this type of equipment. 


Cost of Sewer Photography 


In considering the cost of sewer 
photography, it has to be realized that 
a large portion of the total expenditure 
for the work in question went for de- 
velopment, not only of the camera, but 
also of an efficient and systematic 
photographic procedure. Including 
the development work, the total cost of 
photographing 6,000 ft. of sewers 
amounted to about $7,200, or $1.20 per 
foot. As far as future work is con- 
cerned it should be possible, using the 


same camera and the procedure now 
firmly established, to keep the unit cost 
close to $0.35 per foot. 


Air Pressure Testing of Sewers 


Air pressure testing of sewers was 
undertaken for three reasons. These 
were : 


1. Steep gradients of sewers in the 
test area precluded use of conventional 
water pressure tests because of the ex- 
cessive heads which would be imposed 
at the lower ends of test sections. 

2. Air testing permitted at least a 
partial use of the sewer during the 
test period. 

3. Pressures exerted upon sewers 
and house connections would be uni- 
form. 


Equipment 


As in the work with photography, a 
great deal of time went into the de- 
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velopment of suitable equipment and 
an efficient procedure. Many difficul- 
ties, especially procedural, were en- 
countered before it became possible to 
obtain consistently satisfactory results. 

In its final form, the air testing 
equipment was mounted in a van-type 
truck (Figure 6) for ease of transpor- 
tation and consisted of a positive dis- 
placement blower, inlet and discharge 
mufflers, rotameters for flow measure- 
ment, pressure gages, flow and pres- 
sure control valves, and connecting 
piping. Equipment was developed 
also for use in isolating sections of 
sewers being pressure tested. This in- 
cluded fixed and movable plugs for the 
lateral sewer, plugs for the house con- 
nections, and appurtenant cables and 
hoses. Photographic and diagram- 
matie illustrations of the equipment 
and of the air testing procedure are 
shown in Figures 7 and 8. 


Procedure 


In general, air testing was confined 
to sewers previously photographed, al- 
though some tests were run on sections 
which had not been photographed. As 
finally developed, the procedure was as 
follows: 


1. Householders were notified by 
letter that, on a stated date, their 
house connections would be uncovered 
at the cleanout location and would be 
out of service on the following day for 
a period of 1 to 3 hr. 

2. Locations of house connection 
cleanouts were determined and the 
cleanouts were uncovered on the day 
prior to testing. These generally were 
found where the building sewer joins 
the house connection. 

3. A %4-in. manila rope was drawn 
through the sewer section and firmly 
fastened in the upper and lower man- 
holes. This also was done on the day 
prior to testing. 

4. Using the manila rope, a %po-in. 
steel cable and a 14-in. air hose were 
drawn through the sewer from the 
lower to the upper manhole and were 
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FIGURE 5.—Root intrusion at joint. 
Note also poor joint centering. 


fastened at that point to the movable 
sewer plug. The movable plug was 
then drawn several feet down the 
sewer. 

5. A fixed plug, fabricated around a 
3-in. air discharge pipe, was inserted 
in the upper end of the sewer section 
under test. Both plugs were then in- 
flated, the movable plug through the 
air hose from the lower manhole, and 
the fixed plug by a manually-operated 
air pump in the upper manhole. 

6. Air was blown into the short sec- 
tion between plugs until the pressure 
reached 1 p.s.i. <A positive displace- 
ment blower having a capacity of ap- 
proximately 400 e.f.m. was used for 
this purpose. 

7. A measurement was made of the 
rate of air application required to 
maintain a pressure of 1 p.s.i. in the 
section between the plugs. Air input 
was measured at a pipe header con- 
taining two rotameters, one of 5 ¢.f.m. 
and the other of 25 e.f.m. capacity. 
Input in excess of 30 ¢.f.m. was esti- 
mated from the blower speed as indi- 
eated by a revolution counter. 

8. The movable plug was deflated 
and moved a predetermined distance 
down the sewer, at which point it was 
again inflated and air was applied to 
produce a pressure in the sewer of 1 
p.s.i. This operation was repeated at 
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FIGURE 6.—Air testing equipment in van-type truck. Variable speed blower is mounted 
in center of truck body. 


intervals sufficient to determine the ef- 
fect of conditions both in the lateral 
sewer and in each individual house 
connection. For the latter purpose, 
tests were made with the movable plug 
set just above and just below each con- 
nection, with the individual connec- 
tions sealed at the cleanout by insert- 
ing an inflatable rubber plug. Differ- 


ences in air input above and below 
the connection represented leakage 
taking place at that connection. With 
the movable plug in its final position at 
the lower manhole, the air input at 
that point represented the total leakage 
from the lateral sewer plus that of the 
house connections between the two 
manholes. 


FIGURE 7.—Equipment used in air pressure tests. 
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FIGURE 8.—Diagram of air test procedure. 


Results Obtained 


During a 10-day test period, a total 
of 7,200 ft. of sewers and house con- 
nections was tested by the air pressure 
method. This total consisted of 5,700 
ft. of lateral and trunk sewers and 
1,500 ft. of house connections. Sewers 
ranged in diameter from 4 to 15 in. 

Leakage was found to vary from 0.02 
e.f.m. of standard air* per foot of 
sewer to 3.6 ¢.f.m. per foot. Average 
leakage from trunks and laterals was 
0.8 ¢.f.m. per foot as compared to 1.9 


*Standard air is here defined as the vol- 
ume of air at a pressure of one atmosphere 
(14.7 p.s.i.) and a temperature of 70° F. 


e.f.m. per foot from house connections. 
For sewers and house connections of 
recent construction, the average rate 
per foot was 0.07 e.f.m. 

Figure 9 shows the results of a typi- 
eal air test conducted on a 6-in. lateral 
sewer. In this figure, wherein eumu- 
lated air leakage is plotted against dis- 
tance from the upstream plug in the 
test section, the effect of defective 
house connections on the leakage rate 
is strikingly apparent. Similar results 
were obtained generally throughout 
the tested sections, proving conclu- 
sively that storm infiltration is very 
largely the result of leakage through 
faulty house connections. 
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FIGURE 9.—Results of typical air pressure tests of sewers. 


Cost of Air Pressure Testing 

Here again, a large portion of the 
total expenditure went for develop- 
ment work which involved not only de- 
sign and fabrication of the air testing 
equipment but the job of properly or- 
ganizing the operational procedure. 
Including the development work, the 
total cost of air testing 7,200 ft. of 
sewers amounted to about $7,200 or 


$1.00 per foot. To duplicate this op- 
eration elsewhere, the labor cost would 
be approximately $0.25 per foot, and 
the necessary equipment, exclusive of 
truck and generator rental, would cost 
approximately $4,000. 


Excavation of Sewers and 
House Connections 


Upon completion of the air testing 
program, arrangements were made for 
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FIGURE 10.—Defective line. Absence 
of mortar in joint resulted in root entry. 
Dark spot under bell is leaking sewage. 


excavation of four typical house con- 
nections and two sections of lateral 
sewer, and for replacement of all de- 
fective lines thus uncovered. Three of 
these connections and both of the lat- 
erals had indicated high air leakage, 
while the fourth connection had shown 
no leakage. Additionally, a fifth con- 
nection, serving a house in a newly 
completed subdivision and showing 
high air leakage, was excavated and re- 
paired. Photographs of some defects 
found in the excavated lines are pre- 
sented as Figures 10, 11 and 12. 

At the three house connections show- 
ing high air leakage, the following 
conditions were observed: 


1. Connection laid in a rocky trench 
with an average cover of 14 in. and no 
special bedding. Of the 15 joints in 
this line, root intrusion was taking 
place in all of them and six had 
cracked bells. 

2. Connection installed in 1951. This 
line had only two satisfactory cement 
joints out of a total of 20. Of the 18 
defective joints, 11 had cracked or 
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FIGURE 11.—Defective line. Settle- 
ment in excess of 1 in. between adjacent 
bells is shown by straightedge. 


broken bells, in 5 the mortar had been 
washed out of the bottom of the bells, 
and in 2 the cement mortar was 
cracked, allowing tree roots to enter. 

3. Three joints with no mortar what- 
ever in a total length of 20 ft. Two 
holes were found, accounting for the 
fact that full blower capacity was 
needed in order to obtain a register- 
able increase in air pressure. 


When the house connection showing 
zero leakage was excavated, no defects 
were found and no repair work was 
necessary. This connection had cement 
joints and was installed early in 1951. 

In the new subdivision referred to 
above, an air test was made of a 6-in. 
lateral sewer and its house connections 
which had been constructed only one 
month previously. Results of the test 
showed tight conditions until the third 
connection, 40 ft. in length, was 
reached. At that point leakage jumped 
to 69 c.f.m. as compared to 18 ¢.f.m, 
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FIGURE 12.—Close-up of joint shown in 
Figure 11 shows effects of poor bedding. 


for a preceding 367 ft. of the sewer 
and its connections. When the defec- 
tive connection was excavated, two 
joints were found to be leaking and a 
third had a broken bell. Leakage was 
due to excessive angular deflection in 
joints made up with rubber rings. 

Conditions observed in the two lat- 
eral sewers showing high air leakage 
were as follows: 


1. A 6-in. sewer 84 ft. in length, laid 
in 1950. Fifty per cent of the joints 
had cracked or broken bells, evidently 
the result of improper bedding. Com- 
plete replacement was necessary. 

2. A 6-in. sewer 75 ft. in length, laid 
in 1952. Only two defects were found, 
the first a partially open joint and the 
second a cracked barrel. 


Evaluation of Dry Weather 
Investigations 
As stated earlier, relatively few de- 
fects were revealed by photography. 
On the other hand, the air testing pro- 
gram demonstrated conclusively that 
conditions in the sewer system, more 
particularly in the house connections, 
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were conducive to the inflow of storm 
water. It became desirable, therefore, 
to evaluate the air test findings and, if 
possible, to correlate them with actual 
measurements of storm infiltration. 

From the known lengths of branch 
and lateral sewers and from measured 
lengths of typical house connections, 
it was determined that there are about 
two feet of house connection for each 
foot of sewer in the entire area served 
by the sanitary district. On that basis, 
and applying the weighted average 
leakage values of 0.8 and 1.9 ¢.f.m. per 
foot, it was found that 82 per cent of 
the total air leakage was occurring in 
house connections. 

Secause of limited time for field 
work, it was not possible to make a 
direct comparison of air leakage and 
water leakage as determined by ordi- 
nary exfiltration tests. For low pres- 
sures, however, the equations of flow 
applying to an incompressible fluid are 
approximately correct for air flow. 
Thus, for a given orifice or opening 
under identical low pressures, the ratio 
of emission velocities of air to water 
will vary as the square root of the head 
upon that aperture. At a pressure of 
1 lb. per square inch, this ratio is ap- 
proximately 28 to 1. 

Infiltration computed by application 
of the 28 to 1 ratio to the air leakage 
data was found to exceed greatly the 
maximum storm infiltration actually 
measured. This discrepancy, of course, 
is readily explained by the fact that 
air leakage, as such, indicates the op- 
portunity for infiltration wherever and 
whenever water surrounds a pipe. 

In most cases, and certainly as far 
as the system in question is concerned, 
not all of a sewer or house connection 
is likely to be surrounded by water. 
Connections underlying earthen street 
gutters and a relatively shallow per- 
meable cover of lawn and garden are 
especially susceptible to infiltration. 
Lateral and branch sewers, on the 
other hand, generally are laid at 
greater depth under well compacted 
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cover and impervious pavement. In 
the absence, therefore, of a normally 
high ground water table, storm water 
is much more likely to find its way into 
a house connection than it is to a 
lateral sewer. If the relative amounts 
of air leakage stated above are applied 
to measured peak flows from the areas 
listed in Table I, unit infiltration 
values of 5,600 g.p.d. per 1,000 in.-ft. 
for house connections, and 1,400 g.p.d. 
per 1,000 in.-ft. for branches and lat- 
erals result. Field observations indi- 
cate that the latter value is entirely too 
high and that a much greater propor- 
tion of the total infiltration enters the 
system through porous media via the 
house connections. 

As a result of the pressure testing 
program, it was concluded that 85 to 
90 per cent of storm infiltration to the 
district sewers occurs through house 
connections. It was concluded also 
that this condition is the result both of 
poor workmanship and of inadequate 
inspection during construction of 
house connections. 


Reduction of Storm Infiltration 


Corrective measures leading to the 
reduction of storm infiltration must 
logically be concerned with: (a) the 
repair or replacement of lateral and 
branch sewers at points known to be 
productive of excessive leakage; (b) 
the prevention of undue infiltration in 
lateral and branch sewers to be con- 
structed in the future; (c) the de- 
velopment and application of construc- 
tion standards for house connections ; 
and (d) the provision of rigid inspee- 
tion during construction of house con- 
nections. 


Repair and Replacement 


In the Central Contra Costa Sani- 
tary District, repair of sewers known 
to be subject to excessive infiltration is 
to be undertaken as a part of the nor- 
mal maintenance program. Little or 
nothing, however, can be done or is to 
be done in the way of replacing or re- 
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pairing defective house connections. 
This is because the cost of such work 
would far exceed the cost of the ad- 
ditional pumping station and trunk 
sewer capacity which is now required 
to handle the inflow of storm water. 

As a matter of interest in relation to 
repair of lateral and branch sewers, a 
procedure has been developed in Sid- 
ney, Australia, for the repair of small 
sewers by internal grouting. This has 
been used at two or three locations in 
California. In one of these jobs, which 
involved 1,500 ft. of 12-in. sewer, in- 
ternal grouting reduced average in- 
filtration from 20,000 to 100 gal. per 
day. 

Another promising innovation in the 
control of infiltration is the testing of 
individual pipe joints by use of a por- 
table joint-testing mechanism. An ap- 
paratus of this type has been developed 
and used successfully by engineers of 
the Hutt Valley Drainage Board near 
Wellington, New Zealand. In use, this 
tester is centered at a pipe joint and a 
circumferential rubber ring is_ ex- 
panded to seal the tester on each side 
of the joint. Leakage is then deter- 
mined by hydrostatie testing of the 
isolated section. 


Construction Standards 


As a final step in developing a pro- 
gram for reduction of storm infiltra- 
tion in the district sewers, consider- 
able thought was given to the prepara- 
tion of construction standards for 
house connections. This part of the 
study led to submission of the follow- 
ing recommendations: 


1. That a type of house connection 
be specified which is simple to install 
and will provide assurance that leak- 
age requirements can be met and main- 
tained. 

2. That provision be made both for 
a substantial foundation and for ade- 
quate lateral support of the pipe. 

3. That, if joints are rigid, the pipe 
have the strength necessary to with- 
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stand any normal settlement and 
trench load. 

4. That flexible joints are preferable 
and that such joints should be tight, 
root-proof and easily made on the job 
without requiring special skill or pre- 
caution. 

5. That all necessary fittings for 
cleanouts, lateral sewers, and house 
sewer connections be available and that 
the pipe be adaptable to field cutting 
for making up odd lengths. 

6. That, in excavating the trench for 
a house connection, the minimum 
width at the top of the pipe be not less 
than 18 in. 

7. That the trench be cut below 
grade a minimum of 2 in. and a maxi- 
mum of 5 in. 

8. That all bedding and initial back- 
fill be clean coarse sand and gravel, or 
sand and crushed stone. 

9. That, after bringing the trench 
bottom to grade with the bedding ma- 
terial, the pipe be laid so that each 
pipe barrel is supported along its en- 
tire length. 

10. That the pipe at any point not 
be laid closer than 4 in. to the wall of 
the trench, and that the total hori- 
zontal and vertical deflection not ex- 
ceed 3 in. per 5 ft. of pipe length. 

11. That, after approval by an in- 
spector, the initial backfill be placed 
in two layers; that the first be brought 
uniformly up each side to the top of 
the pipe, and worked or tamped in 
place with a shovel; and that the sec- 
ond layer be brought up 6 in. over the 
pipe barrel. 


Cast-iron soil pipe with lead joints 
meet the requirements outlined above, 
as does asbestos-cement pipe with a 


rubber ring and grooved coupling 
joint. Recently, vitrified clay pipe has 


become available with a tight and flex- 
ible joint consisting of plastic rings 
bonded to both the bell and spigot 
ends. Vitrified clay pipe is available 
also with two other types of joint ma- 
terial, one using a rubber ring and 
the second a square-edged rubber gas- 
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ket mounted on a bonded plastic spigot 
ring. With rubber rings, a tight fit re- 
quires the use of select pipe which 
meets certain limiting tolerances with 
respect to variations in bell and spigot 
configuration. While rubber rings 
cannot presently be considered as equal 
to the plastic joints, they may be found 
acceptable if each length of pipe is in- 
spected and is certified by the manu- 
facturer to be within the required tol- 
erances. 


Estimated Results 


As applied to new construction in 
areas served by the Central Contra 
Costa Sanitary District, it is estimated 
that the type of house connection de- 
scribed above will reduce the average 
rate of storm infiltration from over 
2,000 g.p.a.d. to less than 600 g.p.a.d. 
It is estimated also that the new re- 
quirements will increase the cost of 
house connections by approximately 
$0.15 per foot of line, or $36.00 per 
acre of residential property. To offset 
this the reduced rate of infiltration is 
expected, in future construction, to 
enable an average saving of about 
$50.00 per acre through reduced capa- 
city requirements for branch and 
trunk sewers. Such a saving, plus 
that to be achieved through a con- 
comitant reduction in pumping and 
treatment costs, provides ample justi- 
fication for a program involving rigid 
control of house connection construc- 
tion. 


Summary 


Two new techniques have been de- 
veloped for the examination of sewer 
interiors and the detection therein of 
defective conditions. Of these tech- 
niques, the first involves photography, 
using an adaptation of a stereoscopic 
type of camera designed initially for 
work in both oil and water wells. The 
second technique, developed as a sup- 
plement to photography, involves test- 
ing of sewers and house connections by 
the application of air under pressure. 
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Both techniques were developed in 
connection with a study of conditions 
leading to excessive infiltration during 
and immediately following periods of 
heavy rainfall. With the modified 
camera, which was perfected after ex- 
tensive preliminary experimentation, 
it was possible to detect faulty joints, 
split bells, cracked barrels and other 
defects of a similar nature. Pictures 
were taken with excellent results in 
sewers ranging from 6 in. to 36 in. in 
diameter. With the pressure testing 
equipment, it was possible to determine 
the tightness of house connections and 
to demonstrate conclusively that faulty 
construction of such connections is, for 
the system in question, responsible for 
more than 85 per cent of the storm 
water infiltration. This finding re- 
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sulted in the development of rigid 
specifications for the construction and 
inspection of house connections. 
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1957 FIRST QUARTER CONTRACT AWARDS 


Construction contracts awarded during the first quarter of 
1957 were greater in number and cost than for the previous quar- 
ter, yet smaller than for the first quarters of 1955 and 1956. 

Contracts for 155 projects, valued at $44 million, were awarded 
to finance 66 projects for new sewage treatment plant construction 
and 89 projects for interceptor sewers, plant enlargements, and 
other related work. Twenty-eight of the new plants will cost in 
excess of $100,000, and four plants will cost more than $1 million. 

Data for the quarterly reports are obtained from state water 
pollution control agencies, construction reports of the F. W. Dodge 
Corporation, and other sources and compiled by the U. 8S. Public 


Health Service. 
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Coincident with the production of 
liquid chlorine, most manufacturers 
and ‘‘repackagers’’ of chlorine pro- 
duce solutions of calcium and sodium 
hypochlorite by passing chlorine gas 
through a solution of calcium or so- 
dium hydroxide, which converts the 
chlorine to hypochlorite and chloride 
ions under proper conditions of tem- 
perature. <As a result, a significant 
amount of hypochlorite solution con- 
taining 8 to 12.5 per cent available 
chlorine is produced to satisfy local 
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FIGURE 1.—Coliform organisms surviv- 
ing disinfection in Providence, R. I., sew- 
age (15-min. contact). 
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markets. Much more could be readily 
produced, if the demand warranted it. 

Hypochlorites have been used for 
many years for the disinfection of 
small water supplies and to some ex- 
tent for the disinfection of sewage and 
treated sewage before discharge to the 
receiving stream. In general, however, 
liquid chlorine has been favored at 
large treatment plants. Very little in- 
formation is available on the relative 
efficacy of these two forms of chlorine 
for disinfecting sewage. 

The Fields Point Manufacturing 
Corporation of Providence, R. I., pro- 
ducers of chlorine and chlorine prod- 
ucts, is located adjacent to the sewage 
treatment plant of the City of Provi- 
dence. The effluent of the treatment 
plant has been disinfected by the use of 
hypochlorite for many years. With 
the advent of newer knowledge of 
chlorination, developed largely in the 
field of disinfection of water supplies, 
which showed free chlorine residuals 
to have much greater disinfecting 
power than chloramine residuals and, 
also the fact that disinfection was en- 
hanced at lower pH levels, the officials 
in charge of sewage treatment at Provi- 
dence became concerned as to the ef- 
ficacy of hypochlorites in relation to 
liquid chlorine disinfection of sewage. 

The purpose of this paper is to re- 
port on results of laboratory and plant- 
scale studies designed to evaluate the 
relative disinfecting power of chlorine 
in the form of liquid chlorine versus 
chlorine in the form of hypochlorites. 


Laboratory Studies 
The first laboratory studies were con- 
ducted in 1951 prior to the develop- 


4 
= 


Vol. 29, No. 9 


SEWAGE HYPOCHLORINATION 


TABLE I.—Chlorine Residuals in Providence Sewage * 


979 


| 
O.T. Residuals (p.p.m.) | Amperometric (p.p.m.) 
Chlorine Dosage | 
(p.p.m.) | 
Cl NaOCl Ca(OCl): Cl NaOCl Ca(OCl)2 

1 0 0 Trace 0 0.90 | 0.35 

2 0 Trace 0.1 0 0.85 } 0.90 

3 0 Trace 0.2 0.15 125 | 1.00 

4 0 Trace 0.2 0.30 1.35 0.85 

5 0 Trace 0.2 0.20 1.35 1.20 

6 0 Trace 0.15 0.35 1.50 1.40 

7 0.1 Trace 0.15 0.75 1.25 0.95 

8 0.1 0.1 0.15 0.65 1.50 1.50 

9 0.1 0.1 0.15 0.95 1.45 1.35 

10 0.1 0.1 0.15 0.80 1.40 1.30 


* 15-min. contact. 


ment of the present starch-iodine 
method of measuring chlorine resid- 
uals (1). Residual chlorine was meas- 
ured by the conventional orthotolidine 
procedure and by the original ampero- 
metric method (2). Chlorine, sodium 
hypochlorite and calcium hypochlorite 
solutions were used for disinfection, 
and dilutions of each were standard- 
ized in the same manner to give solu- 
tions containing 1,000 p.p.m. of active 
chlorine. Sewage was collected on 
Fridays in all cases, transported to the 
laboratory, and stored at 4° C. in glass 
containers until Saturday am when 
the tests were begun. Contact time was 
15 min. in all eases. 

The first sewage subjected to test 
was from Providence, R. I. A com- 
parison was made of the disinfecting 
power of chlorine in all three forms. 
The results obtained on the kill of total 
and coliform organisms as indicated 
after 24-hr. incubation tests are shown 
in Figures 1 and 2. These data showed 
that both forms of the hypochlorite 
were considerably more effective in ac- 
complishing bacterial kills on a parts 
per million dosage basis than was chlo- 
rine water; a result which was totally 
unexpected. A summary of the chlo- 
rine residual data (Table I) shows that 
significantly higher amounts of residual 
chlorine as measured by amperometric 
titration were present after 15 min. of 
contact in the case of the hypochlorite 


treated samples for all dosages. This 
undoubtedly accounts for the greater 
disinfecting power of the hypochlorites. 
The O.T. test appeared to be quite un- 
reliable when used on this sewage. 

Two additional samples of sewage 
from Providence were subjected to 
study. In each case residual chlorine 
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FIGURE 2.—Total organisms surviving 
disinfection in Providence, R. I., sewage 
(15-min. contact). 
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persisted for the 15-min. contact pe- 
riod at much lower dosages of hy- 
pochlorites than with chlorine water. 
Bacterial kills, on a dosage basis, were 
in all cases much greater for the hypo- 
chlorites, as in the first instance. 

Because of the interesting and unex- 
pected nature of the results obtained 
on the samples of Providence sewage, 
it was decided to make similar tests on 
sewage from other sources. Conse- 
quently, studies were made in a like 
manner using sewage from the Wards 
Street Pumping Station in Boston, 
Mass., and from the influent to the 
Worcester, Mass., sewage treatment 
plant. Results of the studies with 
Boston sewage are shown in Figure 3. 
These indicate little difference in the 
disinfecting power of the various 
forms of chlorine in Boston sewage. 
Such advantage as was apparent was 
in favor of the hypochlorites. 
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One sample of sewage from Wor- 
cester, Mass., was subjected to study. 
Unfortunately, many of the dilutions 
chosen for bacteriological tests did not 
yield data which could be interpreted 
in terms of M.P.N. of coliforms but 
such results as were obtained indicated 
hypochlorites had considerable ad- 
vantage. This is substantiated by the 
chlorine residual data shown in Table 
Ii. For any given chlorine dosage, 
the residual chlorine by the O.T. test 
or amperometric test was considerably 
greater for the hypochlorites. 


Field Studies 
Cranston, R. I. 


The objective of the investigations 
conducted at the Cranston sewage 
treatment plant was to evaluate the 
effectiveness of disinfection by sodium 
hypochlorite versus that obtained with 
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FIGURE 3.—Coliform organisms surviving disinfection in Boston, Mass., sewage 
(15-min. contact). 
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TABLE II.—Chlorine Residuals in Worcester, Mass., Sewage * 
O.T. Residuals (p.p.m.) Amperometric (p.p.m.) 
cl | NaOCl Ca(OCl): Cl NaOCl Ca(OCl)» 
3 0 0 0 — 0.5 0.45 
4 0 0 0 — L.1 0.75 
5 0 0 0 — 1.3 1.0 
6 0 Trace Trace - 1.6 1.2 
7 Trace 0.1 Trace — 2.0 1.4 
8 0.15 0.4 0.2 0.6 2.0 2.0 
9 0.35 0.75 0.5 1.15 2.2 2.3 
10 0.75 1.4 1.0 1.75 2.75 2.7 
ll 1.4 L7 2.0 2.05 3.2 3.2 


* 15-min. contact. 


chlorine gas when each was applied 
in sufficient quantities to give meas- 
urable residuals by the O.T. method 
of measurement. 

Control of the chlorination equip- 
ment was performed by the regular 
personnel at the treatment plant who 
attempted to adjust the dosage to give 
from 0.3 to 0.5 p.p.m. O.T. residual 
in the contact chamber effluent. Sew- 
age flow records were made at each 
sampling time to allow calculations of 
detention time in the chlorine contact 
chamber. 

Samples for bacteriological and 
residual chlorine analyses were col- 
lected at approximately 40-min. inter- 
vals from 8:30 am until 3 Pm on each 
of four days. A total of 29 samples 
was collected on two days when chlo- 
rine gas was used and a total of 31 
samples was collected on two days 
when hypochlorite was used. Residual 
chlorine measurements were made by 
the O.T., starch-iodine, and ampero- 
metric methods (1). 

Some difficulty was encountered in 
measuring residual chlorine by the 
O.T. method. On some occasions the 
residual was zero or so close to zero 
that it had to be recorded as a trace. 
On the other hand, the starch-iodine 
and amperometric methods gave well 
defined results which agreed closely 
with each other. The starch-iodine 


residuals were used on all correlation 
studies of the bacteriological data. 


During the course of the studies, 
sewage flows varied from 3.8 to 5.6 
m.g.d., resulting in chlorination cham- 
ber contact times ranging from 7.7 
min. at maximum flow to 11.3 min. 
during the lowest flows measured. Be- 
cause of the wide fluctuation in con- 
tact time, it was impossible to analyze 
the bacteriological results by a simple 
plotting of surviving bacteria versus 
residual chlorine. Furthermore, when 
the data were separated into groups 
of similar detention time (+1 min.), 
the data in each group became too lim- 
ited for proper appraisal. Therefore, 
it was necessary to use another ap- 
proach to evaluate the data. 

Since disinfecting action is a func- 
tion of time of contact as well as 
concentration (3), it seemed feasible 
to plot surviving bacteria against a 
parameter representing both time and 
concentration. The parameter used 
was the starch-iodine residual in parts 
per million multiplied by the contact 
time in minutes. 

The results of bacteriological studies 
obtained at Cranston are shown in Fig- 
ures 4 and 5. These data indicate that 
residuals (starch-iodine) from the use 
of chlorine were slightly more destruc- 
tive of bacteria than corresponding 
residuals derived from hypochlorite. 
However, in practice the matter of 
major concern is how much chlorine 
or hypochlorite is needed to produce 
the desired residuals. 
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FIGURE 4.—Comparison of disinfecting 
power of starch-iodine residuals toward 
coliform organisms in activated sludge ef- 
fluent, Cranston, R. I. 


During the studies at Cranston, a 
record was kept of the chlorine ap- 
plied during each 7-hr. test period. 
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FIGURE 5.—Comparison of disinfecting 
power of starch-iodine residuals toward all 
bacteria in activated sludge effluent, Crans- 
ton, R. I. 
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These data are summarized in Table 
III and show that considerably less 
chlorine in the form of sodium hypo- 
chlorite was used per million gallons 
of effluent disinfected. 

Since measurement of chlorine 
residuals by the O.T. test is the pre- 
ferred method at Cranston for plant 
control purposes, a study of the rela- 
tion of starch-iodine residuals to O.T. 
residuals was made. ‘These data are 
given in Figure 6 and show that lower 
O.T. residuals were obtained with 
hypochlorite for any given  starch- 
iodine residual. 

A comparison was made between the 
disinfecting power of O.T. residuals 
derived from chlorine and hypochlo- 
rite. On the basis of these data (Fig- 
ure 7) it became apparent that, under 
the conditions prevailing at Cranston, 
chlorination with hypochlorites to 
specified O.T. residuals would always 
yield a higher quality effluent from a 
bacteriological standpoint. These data 
in conjunction with the advantages of 
feeding hypochlorites led to the adop- 
tion of regular chlorination with hypo- 
chlorites at Cranston in February, 
1954. There has been a material sav- 
ing in chlorine requirements. 


Providence, R. J. 


The laboratory studies on Provi- 
dence sewage had indicated that 1 Ib. 
of available chlorine in the form of 
hypochlorite was equivalent in disin- 
fecting power to about 1.5 lb. of liquid 
chlorine. Since the laboratory investi- 
gation had been conducted on samples 


TABLE III.—Chlorine Applied at 
Cranston, R. I. 


Chlorine Applied (Ib.) 


D: Flow, 7-H: 
1984) Period 
x (m.g.) ; _| Hypo- | Per Mil 
| ¢ hlorine chlorite Gal. 
Jan. 26 1.36 | 45 33 
Jan. 27 | 1.27 107 | Sd 
Feb. 2 | 1.32 71 } 54 
Feb. 3 | 1.21 57 | 47 


HYPOCHLORITE 
| | 
} 
oo Avo © ° 
| 
° 

i 

CHLORINE 

Oe 

\ 

if 


Vol. 29, No. 9 


SEWAGE HYPOCHLORINATION 
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FIGURE 6.—Comparison of orthotolidine and starch-iodine residuals in activated 
sludge effluent. 


which had been stored for about 20 
hr. at 4° C., it was considered ad- 
visable to run a series of chlorine de- 
mand evaluations on freshly collected 
samples to verify the results before 
making extended plant-seale studies. 
The results obtained on four samples 
are presented in Table IV and show 
that the same relationships held at 
the treatment plant as were found in 
stored samples. 

In order to further establish the 
efficacy of hypochlorite disinfection of 
the sewage at Providence, a series of 
studies similar to those conducted at 


TABLE IV.—Chlorine Demand of 
Providence, R. I., Sewage 


Chlorine Demand (p.p.m.) 
Sample No. 
Chlorine Hypochlorite 
1 20.0 14.0 
2 18.5 14.0 
3 20.5 14.5 
4 20.5 14.0 


Cranston was attempted. Due to diffi- 
culties encountered in controlling the 
chlorination facilities, the plant-scale 


CRANSTON, R.I. 
| (10 MIN. CONTACT) 


TOTAL BACTERIA 


| 
| 
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FIGURE 7.—Bacteria surviving disinfec- 
tion in relation to orthotolidine residuals in 
activated sludge effluent. 
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TABLE V.—Chlorination Studies at Providence, R. I. 


Average Chlorine 


Average Dosage (p.p.m. 
Contact 
(min.) 


Date Number 


> of | 
9: 
(1954) Samples 


) 


Chk 
6/26 6 22 20 18.6 
6/27 4 20 17.7 16.3 
6/28 4 23 16.8 15.0 
7/2 7 22 12.8 11.0 
7/3 3 |} 21 10.5 9.2 
7/5 7 22 13.6 11.2 
7/6 6 19 8.8 4a 
Avg 14.5 12.7 


studies had to be abandoned. In their 
place a series of laboratory studies 
was instituted on freshly collected 
samples in which parallel studies with 
chlorine water and hypochlorite were 
made, with contact times adjusted to 
those of plant facilities. The results 
obtained are summarized in Table V. 
It may be noted that somewhat less 
chlorine in the form of hypochlorites 
was used to give comparable starch- 
iodine residuals but the difference was 
not as great as would have been an- 
ticipated from the previous studies. 
The data shown in Table V were ob- 
tained about four years later than that 
of the laboratory and plant studies 
shown in Figures 1 and 2 and Table 
IV. It is reasonable to assume that 
some change in character of sewage 
may have occurred. However, a better 
quality effluent was produced in most 
instances with a smaller amount of 
chlorine from hypochlorites. 


Discussion 

There is very little theoretical basis 
for believing that hypochlorites would 
be less effective than gaseous chlorine 
for disinfection of sewage because do- 
mestic sewage is normally quite well 
buffered. 
equilibrium is 
HOC! and OCI regardless of the form 
in which it is added (Figure 8). Hy- 
drolysis of chlorine and hypochlorites 


In essence the same chemical 


established between 


| Starch-Iodine Residual 


(p.p.m.) M.P.N. Coliforms/M1. 


| Hypochlorite | Chlorine | Hypochlorite | Chlorine | Hypochlorite 


1.4 


3.9 5.2 

3.7 1.9 a 0.7 
1.4 0.9 96 29 
3.2 37 20 
3.4 4.1 13 23 
3.9 3.9 7 8 
2.4 2:7 2.5 l 
3.0 3.6 23 12 


is rapid and essentially complete at 
concentrations and pH levels involved 
in sewage disinfection. The chlorine 
water will tend to lower the pH of 
the sewage somewhat, whereas hypo- 
chlorites will have little effect, unless 
they contain excess alkali. 

In studies with Boston sewage which 
contains very little buffering capacity 
contributed by the carriage water 
(alkalinity about 10 p.p.m.), 10 p.p.m. 
of chlorine was found to depress the 
pH from 7.0 to 6.7 in one case and 
from 7.4 to 7.15 in another. Addition 
of like amounts of chlorine as hypo- 
chlorite showed no significant change 
in pH. Thus, it be concluded 
that variation in pH of the final sewage 
mixture is not a significant factor. 
Since free chlorine is quickly con- 
verted to chloramines in sewage, any 
small change in pH is even less im- 
portant. 

On the basis of pH considerations, 
it would appear that hypochlorites 
and water should be essen- 
tially equal in their disinfecting power. 
Much of the data presented herein 
indicates that hypochlorites are con- 
siderably more effective than chlorine 
on a parts per million basis in killing 
coliform and other organisms. There 
should be a logical reason for this dif- 
ference which is, undoubtedly, related 
to chlorine demand, 


may 


chlorine 


|__| 
a 
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pH 


Sewage contains many compounds 
which are capable of reacting with 
chlorine. These vary from simple 
reducing agents such as sulfide and 
ferrous ions to compounds in which 
simple addition or substitution of chlo- 
rine may take place. Reactions in 
which oxidation oceurs are favored by 
low pH and this undoubtedly is a 
major factor in the difference in chlo- 
rine demand of sewage when treated 
with chlorine water and hypochlorites. 
Chlorine water discharged from the 
usual chlorinator has a pH of about 
2. When it is injected into sewage 
it lowers the pH of part of the sewage 
to very low values and it is only after 
thorough mixing that the pH ap- 
proaches that of the sewage mass. 
When hypochlorites are added to sew- 
age, they raise the pH of the sewage 
in the immediate area and it is only 
after thorough mixing that the pH 
falls to a level near that of the original 
sewage. It is contended that this dif- 
ference in pH conditions allows unde- 
sired side reactions to oceur in sewage 
treated with chlorine water while such 
reactions are minimized when hypo- 
chlorites are used. 


Residuals 


The field studies conducted at Crans- 
ton, R. I., showed that residual chlorine 
as measured by the starch-iodine 
method was somewhat less potent when 
derived from hypochlorites than when 
derived from liquid chlorine. Refer- 
ence to Figure 6 shows that for any 
given starch-iodine residual a consid- 
erable difference in O.T. residual oc- 
eurred, with chlorine showing the 
greater values. On the other hand, 
the disinfecting power of any given 
O.T. residual provided by hypochlo- 
rites was somewhat greater than with 
chlorine as shown in Figure 7. Ref- 
erence to Figure 6 shows that consid- 
erably greater starch-iodine residuals 
occurred for any given O.T. residual 
when hypochlorites were used and this 


SEWAGE HYPOCHLORINATION 


CHLORINE WATER 


Cle + HO 


FIGURE 8.—Chemical equilibrium between 
HOCI1 and OCTr. 


correlates with the greater disinfecting 
power observed. 


Chlorinator Feed Water 


The use of sewage plant effluent 
as chlorinator feed water is becoming 
fairly common practice at many loca- 
tions. It replaces relatively high cost 
municipal supply water with a supply 
which is free except for the pumping 
charges. However, treatment plant 
effluents normally contain significant 
amounts of free ammonia and possibly 
some residual chloramines which, when 
brought into contact with the high 
concentrations of chlorine present in 
chlorinator effluents, are converted to 
nitrogen trichloride. Unless proper 
precautions are taken to prevent loss 
of nitrogen trichloride, the saving on 
water cost may be cancelled by the 
loss of chlorine. If nitrogen trichlo- 
ride does escape to the atmosphere, 
it constitutes another reason why re- 
quirements for chlorine in liquid form 
often exceed those of chlorine in the 
form of hypochlorites. 


Conclusions 


1. Chlorine residuals derived from 
liquid chlorine or hypochlorites vary 
somewhat in their disinfecting power. 
Orthotolidine residuals from hypochlo- 
rite appear to be somewhat more po- 
tent than those from chlorine, while 
the reverse is indicated for starch- 
iodine residuals. 

2. Chlorine requirements for disin- 
fection of sewage will normally be less 
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for hypochlorites than for liquid chlo- 
rine, due to a much lower chlorine de- 
mand when hypochlorites are used. 

3. The high chlorine demands en- 
countered when using liquid chlorine 
are considered to be due to undesirable 
side reactions occurring at low pH 
levels when chlorine water is intro- 
duced into the sewage mass. These 
side reactions are inhibited by rela- 
tively high pH conditions when hypo- 


chlorite is brought in eontact with 
sewage. 
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BASSETT APPOINTED A DIRECTOR IN BDSA 


Charles K. Bassett, Vice-President and Secretary of the Buffalo 


Meter Company, 


3uffalo, N. Y., was appointed Director, Water 


and Sewerage Industry and Utilities Division, Business and De- 


fense Services Administration, U. 


Mr. 


S. Department of Commerce. 


Sassett, with 43 years of experience in the water works in- 


dustry, is on leave from his company under a rotation system 
whereby outstanding industrial executives serve the Federal Gov- 
ernment without compensation for periods of approximately six 


months. 


According to a policy statement by the Secretary of 


Commerce, the employment of industry executives as division 


directors will terminate December 31, 1957. 


Mr. Bassett succeeds 


Raymond E. Herbert, President of the Filtration Corporation, 


Rochester, N. Y. 


30TH ANNUAL MEETING 


Make hotel reservations now—avoid disappointment! 


Hotel Statler; Boston, Mass.; Oct. 7-10, 1957 


THEORETICAL PERFORMANCE OF THE 
TRICKLING FILTRATION PROCESS * 


By Vernon T. Stack, Jr. 


Development Department, Union Carbide Chemicals Company, South Charleston, W. Va. 


The 


among 


trickling filtration process is 
the oldest methods of sewage 
treatment, but few theoretical expres- 
sions of performance have been of- 
fered. Theoretical predictions of filter 
performance that might be used to 
interpret and expand pilot-seale data 
are needed as an aid to trickling filter 
design. The theory developed in this 
paper cannot eliminate laboratory and 
pilot-seale studies, but application of 
the derived equations may serve as a 
useful guide in organizing and mini- 
mizing pilot-scale studies. 

Many factors influence the perform- 
ance of a trickling filter. The ap- 
proach in this paper is not based on 
individual factors. Instead, the cumu- 
lative effect of many factors is con- 
sidered. Basically, a factor may influ- 
ence the extent or rate of biosorption 
or the capacity of a filter to biosorb 
organic material. For a given filter 
and waste, factors which influence bio- 
sorption establish the value of remov- 
able B.O.D. and the rate of biosorption. 
Other factors influence the mass or 
activity of the biological growth and, 
as a result, establish the limiting load. 
These groupings of factors and the net 
effects are the basis for the mathe- 
matical derivations. 


Theory 


The theoretical derivations are based 
on the following assumptions: 


1. A trickling filter is basically a 
self-regenerating absorption tower. 


2. Each unit depth of the filter will 


* Presented at the Air and Water Pollution 
Conference, Manufacturing Chemists Assn.; 
Washington, D. C.: April 4-5, 1957. 
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remove a constant fraction of the re- 
movable B.O.D. applied to that unit 
depth. 

3. Removable B.O.D. is the fraction 
of the observed B.O.D. which ean be 
removed by biosorption. 

4. The quantity of B.O.D. that ean 
be absorbed by one unit volume of a 
filter has a maximum limit. 


These assumptions are basically the 
same as those used by Velz (1) in de- 
veloping his theory of trickling filtra- 
tion. 

The concept of removable B.O.D. 
refers to an _ equilibrium situation 
where food is available in the wastes, 
biosorptive transfer occurs, and _bio- 
logical oxidation reactions take place. 
For example, if sewage or waste is 
passed through a hypothetical trick- 
ling filter with an infinite depth, all of 
the removable B.O.D. would be re- 
moved. The observed B.O.D. removal 
might be 80 per cent. If so, the re- 
movable B.O.D. would be 80 per cent 
of the observed B.O.D. Removable 
B.0O.D. ean be defined as B.O.D. (or- 
ganic material which exerts the B.O.D.) 
which can be transferred from the 


aqueous solution to the biological 
growth by biosorption. 
For a given trickling filter and 


waste under equilibrium conditions, 
biosorption of the organic materials 
should proceed at a definite rate. Velz 
expressed this as 


in which L is the removable B.O.D., 
Lp is the remaining removable B.O.D. 
at filter depth D, and K is the logarith- 
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mie constant of B.O.D. removal for the 
filter. In the present mathematical 
development of theory, the fraction of 
removable B.O.D. that is biosorbed in 
one pass through one unit depth is 
used in place of the logarithmic con- 
stant used by Velz. This fraction is 
given the symbol ‘‘f’’? and is referred 
to as the coefficient of biosorption. It 
is related to Velz’s theory as 


f=1-10*.... (2) 
Theoretical Performance with No Re- 
circulation 


The terms to be used are as follows: 


L = Quantity of removable B.O.D. 

applied per unit area; 

Number of unit depths in the 

filter ; 

f = Coefficient of biosorption. The 
decimal equivalent of the con- 
stant percentage removal of 
B.O.D. per unit depth (based 
on the load of removable B.O.D. 
applied to a particular unit 
depth) ; 

R = Fraction of removable B.O.D. 
removed ; 

S = Quantity of removable B.O.D. 
that must be applied per unit 
area to completely saturate one 
unit depth with B.O.D.; and 

X = Number of unit depths that 
will be saturated by a given ap- 
plication of removable B.O.D. 


D= 


The derivation in Appendix A shows 
that X may be determined by 


where the quantity in parentheses is 
rounded to the nearest integer. The 
value of X is zero if ZL is less than S. 

The derivation in Appendix B pre- 
dicts that the removal of removable 
B.0.D. accomplished by a filter op- 
erated without recirculation and at a 
load less than S is 
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The value of the bracketed series ap- 
proaches 1/f as the number of unit 
depths becomes infinite. Hence, a fil- 
ter with an infinite depth is required 
to remove all of the removable B.O.D. 

If the load of removable B.O.D. is 
great enough to saturate part of the 
filter depth, the performance of the 
filter may be considered in two parts. 
The saturated portion of the depth will 
remove a quantity of B.O.D. equal to 
the product XfS. The remaining un- 
saturated portion of the filter has a 
depth equal to D—X. The total re- 
moved by the partially saturated fil- 
ter is 


R = XfS + f(L — XfS)[1 + (1 — f) 
(1 — f)” (5) 


Eq. 5 theoretically expresses the per- 
formance of any trickling filter that is 
operated without recirculation. 

Before Eq. 5 can be employed to 
predict trickling filter performance, 
three factors must be determined ex- 
perimentally: the fraction of the ob- 
served B.O.D. that is removable, the 
volume of f, and the value of S. The 
fraction of the observed B.O.D. that is 
removable is not determined easily. 
Theoretically, an infinitely deep trick- 
ling filter will remove all of the remov- 
able B.O.D. The nearest that this can 
be approached experimentally is to 
employ a deep experiment filter with 
an extremely high recirculation-to-feed 
ratio. The effect of recirculation on 
performance is discussed later, but the 
net result is a higher percentage re- 
moval of B.O.D. At a loading which 
does not saturate any portion of the 
filter with B.O.D., and at an extremely 
high recirculation rate (possibly 100: 
1), almost 100 per cent of the remov- 
able B.O.D. should be removed. 

Data for B.O.D. removal by the bio- 
sorption process are probably the best 
indication of removable B.O.D. The 
limiting factor in this process is the 
transfer of organic material from 
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FIGURE 1.—Theoretical trickling filter performance, no recirculation. 


the aqueous solution to the biological 
growth. Hence, the fraction of the ob- 
served B.O.D. that can be removed, 
when the system is lightly loaded with 
organic material, approximates remov- 
able B.O.D. 

Once removable B.O.D. is known, f 
and S can be caleulated. The caleula- 
tion employs concepts in Eq. 5 illus- 
trated in Figure 1. Values of ZL and 
removals of L are expressed in terms 
of removable B.O.D. When L is less 
than S, the fraction of L removed is a 
constant equal to the product Cf where 
C is the value of the series 1 + (1 — f) 
+ (1—f)?+ (1-—f)*+ ... through 
D terms. The filter is completely sat- 
urated when X = D. By solving Eq. 
3 for X = D, the load which saturates 
the filter is 


L. = 84+ (6) 


The B.O.D. removal at this loading is 
the product fS for each unit depth, or 
DfS. Therefore, the fraction of L, re- 


moved is 


DfS 
(D— 


L, 


In the theoretical curve of Figure 1, 
a point of inflection exists where the 
filter becomes completely saturated. 
The location of this point in plots of 
actual filter performance without re- 
circulation may be utilized to solve for 
values of f and 8S. The observed re- 
moval of removable B.O.D. at the point 
of inflection and Eq. 7 can be used to 
calculate f. The corresponding appli- 
cation of removable B.O.D. and Eq. 6 
can be used to calculate 8. 


Theoretical Performance with Recir- 
culation 


In Appendix C, performance is de- 
rived for a filter operating at a re- 
circulation ratio of N:1 and with no 
portion of the bedsaturated. The deri- 
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vation shows that the 


moval of B.O.D. is 


theoretical re- 


(N + 1)CfL 

1+ NCf 
This relationship is relatively simple, 
and the coefficient of biosorption is the 
important factor. To express perform- 
ance at any loading, the applied loads 
of B.O.D. that saturate the filter must 
be determined. Basically, the removal 
of B.0.D. when the filter is not satu- 
rated is 


(9) 


where L, is the actual B.O.D. applied 
to the filter. With recireulation, the 
actual application of B.O.D. is the sum 
of the applied B.O.D. in the feed and 
the B.O.D. present in recirculated ma- 


terial. If Eq. 8 is rearranged, 


N+ 1 
R 10) 


The total application of B.O.D. is 


L, = L( 


(11) 
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FIGURE 2.—Effect of recirculation on trickling filter performance when L < §. 


The application of L which will result 
in a total load of LZ, is expressed in 


ay 
N+ 1 

The relationships devised in Appendix 

D can be used to determine X for 

trickling filters operating with recir- 

culation. 

By combining Eqs. 5 and 8, an equa- 
tion for the performance of any trick- 
ling filter is B.O.D. re- 
moval is 


obtained. 


R = XfS+f(L — XfS) 


x(; ). . (13) 
1 ra NC nf D—X 


The value of C is ecaleulated by the 
procedure illustrated in Appendix D. 

Figure 2 graphically compares the 
theoretical performance of trickling fil- 
ters operated with various recircula- 
tion-to-feed ratios. The product Cf is 


the fraction of L that is removed if 


the actual B.O.D. load is less than S. 
If the value of Cf approaches unity, 


a 
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the benefit to be gained from recircula- 
tion is minimized. At the same time, 
the need for recirculation is minimized 
because the removal of removable 
B.O.D. is approaching 100 per cent. 
For different wastes, the product Cf 
may vary because f varies. For the 
same waste, the value of C increases 
with increased filter depth. Hence, the 
desired performance of a trickling fil- 
ter is achieved through a balance of re- 
circulation and filter depth. For ex- 
ample, if f for a particular filter and 
waste is 0.1 and the desired removal 
of removable B.O.D. is 80 per cent, for 
a filter depth of 4 ft., Cf is 0.344, and 
a recirculation ratio of about 7:1 is 
necessary. For a filter depth of 8 ft., 
Cf is 0.575, and the recirculation ratio 
should be 2:1. At a filter depth of 15 
ft., Cf is 0.80, and recirculation is not 
needed. 


Effect of Temperature on Performance 


Variations in temperature influence 
the rate of biological activity. A given 
mass of bacterial growth will utilize 
more food at a warmer temperature 
than it will at a cooler temperature. 
Considering the important factors f 
and S, f is related to the physical rate 
of B.O.D. transfer from the waste to 
the bacterial growth. This rate is not 
influenced particularly by tempera- 
ture. This is observed when B.O.D. 
removal by a lightly loaded filter is 
approximately constant for warm and 
cold operating conditions. The value 
of S is a function of biological activity 
and, therefore, is directly related to 
temperature. 

Theoretically, the relationship of S 
to temperature can be defined by the 
following assumptions: 


1. Under equilibrium conditions, the 
material biosorbed and the material 
utilized by a filter are equal in quan- 
tity. 

2. The quantity of material utilized 
by microorganisms is directly propor- 
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tional to the rate of biochemical oxida- 
tion (2). 

3. The rate of biochemical oxidation 
is directly proportional to the tempera- 
ture of the system. This relationship 
is linear in the range of 10° to 30° C. 
(2). 

4. Biological activity proceeds at a 
negligible rate at a temperature of 
about 4° C. 


The assumptions apply to soluble 
B.0O.D. If 8 is assumed to equal zero 
at a temperature of about 4° C. and 
S for another temperature is known, 
the solid curve in Figure 3 should ap- 
proximate the value of S for various 
temperatures. The solid curve may 
not apply if a significant portion of 
the B.O.D. exists as colloidal material. 
Even at less than 4° C., B.O.D. re- 
movals might be accomplished through 
physical agglomeration of colloidal ma- 
terial. Under these conditions, the ap- 
parent variation of S with tempera- 
ture may be more nearly approximated 
by the dashed line in Figure 3, which 
has less slope and a positive value for 
S at 0° C. 


Hypothetical Example of 
Performance 


In expressing the performance of a 
trickling filter, any units desired may 
be selected. In this example, an acre 
is the unit area and a foot is the unit 
depth. The curve for no recirculation 
in Figure 4 represents, supposedly, ex- 
perimental data, and the results are ex- 
pressed in terms of removable B.O.D. 
The maximum quantity of B.O.D. re- 
moval, equal to DfS, is 32,000 lb. per 
acre per day. The point of inflection 
on the curve occurs at a B.O.D. re- 
moval of 50 per cent and a loading of 
64,000 lb. of removable B.O.D. per acre 
per day. The value of f is 0.2, and 
S = 40,000 lb. of B.O.D. per acre per 
day, determined from Eqs. 4 and 5. 

Performance with recirculation was 
calculated using Eq. 8 and Appendix 
D. The principal feature of recircula- 
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FIGURE 3.—Effect of temperature on the maximum capacity of a trickling filter. 


tion is the additional application of 
B.O.D. in the recirculation volumes. 
At the increased loading, if the total 
load is less than S, the filter removes a 
fraction Cf of the actual B.O.D. appli- 


the B.O.D. applied in the feed is im- 
proved. The application of additional 
B.O.D. through recirculation means 
that saturation of the filter begins at 
a B.O.D. loading less than S as feed 


cation. Therefore, efficiency based on material. Also, saturation is completed 
100 —r 
| | 4—Complete Load With 5 | Recirculation } 
+ — 1 
o | Recirculation | | | 
* 
= | No Recirculation 
3 } Complete Load With No Recirculation 
= + 4+— —+ + + — 4+ --—-+ 
w | 
| 
20 | — 
| } N+! 
ReXtS + Co-x) 
| 
) 10 20 70 80 90 


40 50 60 
BOD LOADING, LB. /ACRE/DaAY x 1075 


FIGURE 4.—Hypothetical performance of a trickling filter; temperature constant; 
D= 4 ft.; f = 0.2; S = 40,000 Ib. B.O.D. per acre per day. 
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f =0.2,S=40,000 Ib BOD/Acre/Day 
Operation At Loadings Less Than S And A Constant Temperature 
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FIGURE 5.—Hypothetical trickling filter performance; temperature constant; L <8; 
f = 0.2; S = 40,000 lb. B.O.D. per acre per day. 


over a narrower range of B.O.D. appli- 
cation as feed material. 

Results for recireulation through the 
hypothetical 4-ft. filter are shown in 
Figure 5. Removal of B.O.D. in- 
creases sharply as recirculation is ap- 
plied. The optimum benefit from re- 
circulation appears to be at a ratio 
of about 4 to 1. For comparison, cal- 
culated B.O.D. removals at increased 
filter depths are shown. The optimum 
depth appears to be about 14 ft. The 
application of recirculation to the 14- 
ft. filter results in B.O.D. removals of 
97.7, 98.3, 98.8, and 99.1 per cent for 
recirculation ratios of 1, 2, 3, and 4 to 
1, respectively. It should be remem- 
bered that these calculated results are 
in terms of removable B.O.D. and must 
be converted to observed B.O.D. for 
practical use. 


Actual Examples of Performance 


Pilot-seale studies of trickling filtra- 
tion treatment of wastes from the 
South Charleston plant of Union Car- 
bide Chemicals Company were con- 
ducted in 1956. Two filters were eval- 
uated: a stone-packed filter with a bed 
depth of 14 ft. and a filter packed with 
Dowpac HCS to a depth of 42 ft. At 
the time of these studies, the present 
theory had not been developed. There- 
fore, the experimental procedure sug- 
gested by the theory was not followed. 


Stone-Packed Trickling Filter 


The initial decision to install a 14- 
ft., stone-packed trickling filter was 
motivated by a desire to reduce the 
area required for trickling filtration 
installations. Successful performance 
of this filter through a wide range of 
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loadings is attributed to the existence 
of biological growths that did not clog 
the filter. Hence, equally successful 
performance of deep, stone-packed fil- 
ters for any waste is not necessarily 
expected. 

Data obtained with the stone-packed 
filter are shown in Figure 6. Spread 
in the data is large because of consid- 
erable variation in the average con- 
centration of B.O.D. within a 24-hr. 
period. Each point represents the re- 
sult for samples composited over a 24- 
hr. period. The trend in the data is 
certain. As the B.O.D. loading is in- 
creased, the B.O.D. removal per acre- 
foot per day approaches 4,500 Ib., 
which is equal to the product /fX. 

The first step in fitting Eq. 8 to the 
data is to express the result in terms 
of removable B.O.D. Data for treat- 
ment of the wastes by trickling filtra- 
tion and biosorption suggest that 80 
per cent of the observed B.O.D. was 
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removable. Therefore, the data in 
Figure 6 have been corrected to 80 
per cent of the observed B.O.D. 

The operating procedure employed 
in the pilot-secale study consisted of a 
constant rate of recirculation and a 
varying feed rate. With this pro- 
cedure of operation, the recirculation- 
to-feed ratio varied throughout the col- 
lection of data. 

Because recirculation was employed, 
a direct calculation of f or S could not 
be made. Therefore, the fit of the 
theoretical curve in Figure 6 was ac- 
complished by trial and error. Selec- 
tion of value f and S was based on the 
fact that the product fS was equal to 
4,500 lb. per acre-foot per day. The 
best fit indicated that f = 0.02 and 
S = 225,000 lb. of B.O.D. per acre per 
day. Caleulations for the theoretical 
curve (Appendix E) express the per- 
formance from beginning to end of 
saturation of the filter. The point at 


Nk | | | | Stone Size 3 To 5 Inches 
° | Depth Of Stone 14 Feet | 
80 io} + + + — — 
f =0.02 
| | | 
| 
| | | | | | 
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a — 
Theoretical Curve ,R= + {(L-XES)(F 
| | | 
i= | | | | | | | 
° 20 40 60 80 100 ‘20 140 
BOD LOADING, LB./ACRE/DAY x 1075 
i i i 4 4 
40:1 20:1 2.5:1 


10:1 5:1 
RECIRCULATION TO RATIO,N:1 


FIGURE 6.—Performance of a stone-packed trickling filter. 
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which saturation started was estimated 
by plotting the curve for DfS. The 
point at which this plot appeared to 
diverge from the trend of the data was 
taken as a first approximation of the 
start of saturation. This approxima- 
tion did not fit, but indicated that sat- 
uration started at a lower loading. 
The proper combination of N and 
B.O.D. loading was finally estimated 
and a reasonable fit was achieved. 

The fit of the theoretical curve ex- 


plains the observed results. It sug- 
vests that the per cent removal of 


3.0.D. was controlled by recirculation 
until a B.O.D. loading of 98,000 Ib. 
per acre per day had been applied. Be- 
tween loadings of 98,000 and 118,000 
lb. of B.O.D. per acre per day the filter 
became saturated. Beyond a loading 
of 118,000 lb. per acre per day the 
B.O.D. removed was constant and 
equal to DfS (63,000 lb. per acre per 
day). 


Dowpac HCS Trickling Filter 


The trickling filter packed with Dow- 
pac HCS was evaluated in cooperation 
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depth of 42 ft. was installed at the re- 
quest of Dow engineers. They had 
estimated that the cost of pumping 
waste to a height of 42 ft. would bring 
the operating cost of the trickling fil- 
ter into the same range as activated 
sludge. 

The filter performed satisfactorily 
with the exception that natural draft 
did not supply oxygen adequately 
through the 42-ft. depth. The restric- 
tion probably existed at support screens 
(}-in. mesh) rather than in the pack- 
ing. Biological growth had a tendency 
to plug these screens, but not the 
packing. With air openings at each 
quarter of the filter depth, aerobie op- 
eration was maintained. 

The best fit of the theoretical curve 
to the observed data (Figure 7) indi- 
eated that the coefficient of biosorption 
was 0.02, or the same value of f as that 
which was estimated for the stone- 
packed filter. The value of fS for the 
Dowpac filter was greater than that for 
the stone-packed filter, 9,000 lb. per 
acre-foot per day at 35° C. Compared 
at the same temperature, the maximum 


with Dow Chemical Company. The removal of B.O.D. for the Dowpae was 
100 
° So ° ] 42 Feet 
Operoting Temp 35°C 
=x le S= 450,000 Ib/Acre/Day 
g pat 
Hypothetical Performance Of The ° 
f=0.02,S=300,000 at 35 °C 
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+ 
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FIGURE 7.—Performance of a Dowpac HCS trickling filter. 
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FIGURE 8.—Graphical predictions for trickling filter performance. 


1.5 times that observed for the stone- 
packed trickling filter. Therefore, the 
superior performance of Dowpae HCS 
was attributed to increased depth and 
the higher value of the limiting load. 
For comparison, hypothetie perform- 
ance of the stone-packed filter for a 
depth of 42 ft. is indicated by the 
dashed curve. 


Predicted Performance 


Theory suggests that an experimen- 
tal study of trickling filtration should 
follow the following route: 


1. The removable B.O.D. may be 
estimated by operating a lightly loaded 
filter with a high rate of recirculation 
or determining the maximum percent- 
age removal of B.O.D. by the biosorp- 
tion Activated sludge data 
are not suitable because surfaces newly 
generated during the aeration period 
result in additional biosorption. Also, 
air stripping may be significant during 
the long aeration period. 

2. Data for performance of the filter 
without recirculation should be ob- 
tained over a range of B.O.D. loadings 
that reveal removals of removable 


process. 


B.O.D. at less than saturation and at 
complete saturation. From these data 
the values of f and S can be estimated. 


Once the values of removable B.O.D., 
f, and S are known, theoretical predic- 
tions of performance can be made. 

Fundamentals of the theoretical pre- 
dictions are illustrated graphically in 
Figure 8. The removal of B.O.D. at 
loadings less than S is established by 
the relationship illustrated in Figure 2. 
In Figure 9, this is illustrated for a 
particular filter (f = 0.02). The B.O.D. 
removal for increased filter depth with 
no recirculation (equal to the product 
Cf) increases slowly because of the low 
value of f. If 20 ft. is selected as the 
desired depth of the filter, recircula- 
tion can be applied to improve the 
performance. Optimum benefits of re- 
circulation (Figure 9) occur at a recir- 
culation-to-feed ratio of 15:1, approx- 
imately. The performance of this par- 
ticular filter is shown as the dashed 
curve in Figure 8. 

The maximum quantity of B.O.D. re- 
moved by the specified filter is 180,000 
Ib. per acre per day. This removal con- 
trols the performance of the filter once 
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FIGURE 9.—Predicted performance of trickling filter. 


saturation is completed. With no re- 
circulation, complete saturation would 
occur at a loading of 521,000 lb. per 
acre per day (Eq. 6). With a recir- 
culation ratio of 15:1, the filter is sat- 
urated at a loading of about 250,000 Ib. 
per acre per day. 

A change in the value of DfS must 
occur before the performance of a sat- 
urated filter can change. For a par- 
ticular value of f, either D or S must 
change. Once the filter depth is se- 
lected by the design engineer, only 
variations in S will affect performance. 
As discussed previously, S varies di- 
rectly with temperature. This varia- 
tion can be estimated from experimen- 
tal data. For different values of S, a 
new limiting removal of B.O.D. at com- 
plete saturation equal to DfS will be 
established. 


Summary 


Theoretical derivations presented are 
based on the assumptions that: (a) a 
trickling filter is a self-regenerating 
absorption tower, (b) each unit depth 


of the filter will remove a constant frac- 
tion of the removable B.O.D. applied 
to that unit depth, (¢) removable 
B.O.D. is the fraction of the observed 
B.O.D. which can be removed by bio- 
sorption, and (d) the quantity of 
B.O.D. that can be absorbed by one 
unit volume of a filter has a maximum 
limit. The derived equation for the 
performance of a trickling filter op- 
erated with no recirculation is ex- 
pressed as 


R= XfS+ f(L— XfS)—1+ (1-f) 


where L is the applied load of remov. 
able B.O.D., S is load of removable 
B.0.D. which must be applied to sat- 
urate one unit depth with B.O.D., f 
is the coefficient of biosorption, X is the 
number of unit volumes saturated by 
a given load of B.O.D., D is the filter 
depth, and R is the removal of remov- 
able B.O.D. 


997 
ct: 
NAT 
4 


998 


The theoretical expression for a 
trickling filter operated with recircula- 
tion and at a loading less than S is 


where N:1 is the recirculation-to-feed 
ratio. By combining the expressions 
for trickling filter performance with 
and without recirculation, an expres- 
sion is obtained for the performance of 
any filter: 


. (8) 
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The values of removable B.O.D., f, 
and S must be determined experimen- 
tally. The usefulness of the equations 
has not been proved, but agreement of 
the theoretical curve and actual data 
suggest that the theory may be useful 
in interpreting and predicting trick- 
ling filter performance. 
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Appendix A 


Estimation of Depth to Which a Filter 
is Saturated by a Particular 
Application of B.O.D. 

(No Recirculation) 


L 


f = coefficient of biosorption ; 


applied removable B.O.D.; 


S = applied load which will saturate 
one unit depth; and 


X = number of unit depths that are 
saturated. 
X = J if L = S, or L —S= 0 


A unit depth will remove fS of the 
applied load S. If the applied load is 
increased to S + fS, the first unit depth 
will remove fS and S will remain to 
saturate the second unit depth. 


L-S 

X=2ifL = 8+ fS or 7s = 
L-S 

X = 3ifL =S+ 2fSor 2 

A =] + ( 7s 2) where L = S; 


fLb<S,X =0 


The quantity in the parentheses is 
rounded down to the nearest integer. 


Appendix B 


B.O.D. Removed by Trickling Filter 
Operated with No Recirculation 
and at Less Than Maximum 
Capacity 


L = quantity of applied removable 
B.O.D.; 


R = quantity of removable B.O.D. 
removed; 
Y = quantity of removable B.O.D. 


not removed; and 


f = coefficient of biosorption. 


First Unit Depth 
L, = load applied to first unit depth; 
R, = fL, the B.O.D. removed by the 
first unit depth; and 
Y, = L—fL=L(1 — f), the B.O.D. 
discharged from the first unit 
depth. 


Second Unit Depth 
L, = L(1 — f) 
= fL(1 — f) 
Y, = L(l — f) — fL(1 — f) 
= — f)(l — f) 


a 
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Third Unit Depth 
L; = L(1 — f)? 
R; = fL(1 — fy? 
¥,= — ff — fll — fp 
= — f)*(1 — f) 
Fourth Unit Depth 
Ls L(i 
Y, = L(1 — f)* — fL(i — 
= L(1— f(l-—f) 


By Summation 


until the number of terms in the series 
is equal to D. 


I 


Appendix C 
Effect of Recirculation on B.O.D. Re- 
moval by Trickling Filtration, 
L<S 

L = quantity of applied removable 
B.O:3D;: 

R = quantity of removable B.O.D. 
removed; 

Y = quantity of removable B.O.D. 
not removed; 

f = coefficient of biosorption ; and 

+ (1 — f)?+---] for D terms 


Recirculation Ratio = 1:1 
First pass: 
L 
R, = fCL 
Y, = L(1 — Cf) 
Feed volume = 1 
Recycle volume = 0 
Discharge volume = 1 


Second pass: 
L, = L + L(1 — Cf) 
= + (1 — 
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R, = fCL{1 + (1 — Cf)] 
— fCL{i + (1 — Cf)] 
= L(l — + (1 — Cf)] 
Feed volume = 1 
Recycle volume = 1 
Discharge volume = 0 
Third pass: 
(1-Cf) 
fCL(1+3(1—Cf)[1+ (1—Cf) J] 
(1—Cf) J] 
[1+ (1 — 
=L(1—Cf)[1+4(1-Cf) 
x [1+ 
Feed volume = 1 
Recycle volume = 1 
Discharge volume = 1 
Fourth pass: 
J] 
When a filter operating with a recircu- 
lation ratio of 1:1 reaches equilibrium, 
many passes will have occurred. If the 
quantity (1 — Cf) is equal to b, the 
B.O.D. removal becomes 
R = fCL[L...(1 + + 4b 
xX (1 + + 5))))J 
The quantity in the bracket expands 
into the series 


b b\? b 
+(3) +(5) 


The sum of an infinite number of terms 
in this series equals the quantity 


If b is replaced by (1 — Cf), 
—~ Of} 


ros 
ad 
a 
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The B.O.D. removal for a trickling 
filter operating with a recirculation 
ratio of 1:1 and a total load of L < Sis: 


Recirculation Ratio = 2:1 


Following a procedure similar to the 
derivation of B.O.D. removal at a re- 
circulation ratio of 1:1, the B.O.D. 
removal at arecirculation ratio of 2:1 is: 


R = fCL[---(1 + 3b(1 + 3b 
x (1 + 3b(1 + b(1 + b))))) J. 


The quantity in the bracket expands 
into the series 


1 + 3b + (3b)? + ($b)? + (3b)*+--- 
which equals [1 — 3b 
If b is replaced by (1 — Cf), 
(1-40 = $11 + 2Cf)" 
Therefore, 


3fCL 
2Cf 
Recirculation Ratio = 3:1 
4fCL 
14+ 3Cf 


Recirculation Ratio N:1 


The derivations for B.O.D. removal 
at recirculation ratios of 1:1, 2:1, and 
3:1 show that for N:1 


R= (N + 1)CfL 
L+NCf 
Appendix D 


Estimation of Number of Unit Depths 
Saturated When Recirculation 
is Employed 


L = quantity of B.O.D. applied per 
unit area in the feed material; 
La = total quantity of B.O.D. ap- 


plied per unit area as L, plus 
B.O.D. in the recirculated 
material ; 
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f = coefficient of biosorption; 

S = application of B.O.D. neces- 
sary to saturate one unit depth 
of the filter; and 

X = number of unit depths that are 


saturated. 


As shown in Appendix A, X = 1 when 
L=8S,X =2whenL =S+fS,X =3 
when L = S + 2fS. The same is true 
when recirculation is employed, except 
that L is not the load applied in the 
feed, but the load applied as L plus re- 
circulated B.O.D. If this is termed La, 


N+1 
L,=L 1+ NCf 
or 
1+ NCf 
L = La N 
The loadings at which X = 1, 2, 3, 


can be estimated by: 


| 


X = 1 whenL = 


X =2whenL=S 


X = 3when L = N41 


) 
+ N+1 


until X — D. 


The value of C diminishes with satu- 
ration of the filter. For example, if 
f =0.2 and D =4 for a particular 
filter : 


Unt Desks Series | Result | Summation = C 
1 | 1.000 1.00 
(i—f)| 0.800} 180 Cp» 
3 (1—f)| 0.640 | 2.44 Co-1 
4 (1—f)} 0.512} 295 Cp 


q 
= 
N+1 
1+ NfCp 
+ 
N+1 
N+1 
| 
| 
| 
— 
4 
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Appendix E 


Calculation of Performance of Stone-Packed Trickling Filter from Beginning 


to End of Saturation (Eq. 8 and Appendix D) 


D = 14 ft.; 

f = 0.020; 

N = 3 (in the saturation region) ; 

S = 225,000 lb. per acre per day; 
fS = 4,500 lb. per acre per day; and 


Aan 
Calculation of L for Values of X 
Ca 
Series Value {Co-x 1 + Lx10° B.O.D 
X Removal 
N+1 Value = (%) 
1 1.00 1.00 | D—13 0.020 0.256 14 1.2 118.3 53.5 
A 0.98 1.98 | D—12 0.040 0.280 13 1.3 117.1 

A? 0.96 2.94 | D—-11 0.059 0.295 12 1.3 115.8 

A} 0.94 3.88 | D—10 0.078 0.309 11 1.4 114.5 
A‘ 0.92 4.80 | D-9 0.096 0.322 10 1.5 113.1 55.0 

A’ 0.90 5.70 | D-8 0.114 0.336 9 1.5 111.6 

A’ 0.89 6.59 | D—7 0.134 0.351 8 1.6 110.1 

A’ 0.87 7.46 | D-6 0.149 0.362 7 1.6 108.5 

A® 0.85 8.31 | D-—5 0.167 0.375 6 1.7 106.9 
A’ 0.83 9.14 | D—4 0.183 0.388 5 1.8 105.2 56.4 

A 0.82 9.96 | D-3 0.199 0.399 4 1.8 103.4 

AX 0.80 10.76 | D—2 0.215 0.412 3 1.9 101.6 

A® 0.79 11.55 | D—1 0.231 0.423 2 1.9 99.7 
A 0.77 12.32 | D 0.246 0.435 1 97.8 97.8 57.0 


USPHS TRAINEESHIP AWARDS 


Traineeship awards for graduate study in 1957-58 have been 
made by the U. 8S. Public Health Service to 77 professional persons 
in environmental health. Included in this group were 32 sanitary 
engineers, 37 sanitarians, 3 chemists, 2 industrial hygienists, a 
geologist, a physicist, and a biologist. 

Traineeships are intended primarily to bring new people into 
the field of public health. Applications may be obtained from 
Chief, Division of General Health Services, Bureau of State Serv- 
ices, Public Health Service, U. S. Dept. of Health, Education, and 
Welfare, Washington 25, D. C. 
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Industrial Wastes 


BIO-ASSAYS FOR CONTROL OF INDUSTRIAL 
EFFLUENTS * 


By CrosweELL HENDERSON AND CLARENCE M. TARZWELL 
Robert A. Taft Sanitary Engineering Center, USPHS, Cincinnati, Ohio 


Waste effluents from many indus- 
tries are toxic to fish and other aquatic 
life. The control or treatment of these 
wastes for safe into 
waters presents a problem of consider- 
able magnitude. 

Much effort has been expended by 
some industries to solve this problem, 
primarily through chemical 
for possible toxic components and then 
generally by a search of the literature 
to find out how toxic a particular com 
ponent may be. Unfortunately, this 
approach has not been successful, nor 
ean it be expected to be productive of 
satisfactory answers. 

Many of the wastes are chemically 
complex and the necessary techniques 
for separating and analytical methods 
for determining all components have 
not been developed nor are methods 
sensitive enough to detect all materials 
at the small concentrations at which 
they may be toxic. Even when ana- 
lytical methods are available, toxicity 
information often is lacking and tox 
icity cannot always be attributed to a 
single component. 


release receiving 


analysis 


In complex wastes, 
there may be a number of different tox- 
icants which, when mixed with or 
under the influence of other chemicals 
in the effluent or receiving water, may 
produce an entirely different toxicity 
from that of the pure components 

The bio-assay solves the problem 

* Presented at the 12th Purdue Industrial 
Wastes Conf.; Purdue University, Lafayette, 
Ind.; May 13-15, 1957. 
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used to evaluate 
directly the toxicity of chemically com- 
plex wastes. In many pro- 
vides the quickest and most economi- 
eal approach to identifying and solving 
waste disposal problems. 

While the use of bio-assays by in- 
dustry is increasing, neither their pres- 
ent value nor the extent of their fu- 
ture use has been fully realized. The 
tremendous expansion of the chemical 
industry, increased demand for water 
by various users, and the need for 


beeause it can be 


cases, it 


re-use of water necessitates greater 
emphasis on toxicity determinations, 
rather than complete reliance on 
B.O.D. and chemical determinations 
for the safe disposal of industrial 
wastes. 


Practical methods of conducting bio- 
assays have been developed (1) (2) 
which are relatively easy and economi- 
eal to use. Some industries have used 
and in the future many 
others may find it necessary and desir- 
able to establish bio-assay laboratories. 
The number of requests received by the 
Public Health from state 
water-pollution control agencies and 
from industries for information on the 
practical use of bio-assays are increas- 
ing. Simplified instructions are needed 
for establishing a bio-assay laboratory 
and for condueting and using 
This paper describes bio-assay 


bio-assays, 


Service 


bio- 
assays. 
methods that have been satisfactorily 
used with industrial effluents. It in- 
eludes information on the equipment, 
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are 
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costs, and other requirements necessary 
for setting up a laboratory, and the 
many ways in which industry can use 
bio-assays in the control of industrial 
effluents. 


The Value of Bio-Assays 


The literature on the toxicity of 
various chemicals to fish is voluminous. 
In addition to numerous articles in 
American and foreign journals, a num- 
ber of reviews and summaries of avail- 
able data on the toxicity of materials 
to fishes have been published (3) (4) 
(5) (6). Most of the information avail- 
able is concerned with the toxicity of a 
pure chemical to a particular fish 
under certain experimental conditions 
which often are not fully described. A 
review of the literature on almost any 
chemical will show a wide range of 
lethal or harmful values obtained by 
different investigators (e¢.g., copper, 
0.02 to 200 p.p.m.; cyanide, 0.05 to 10 
p.p.m.; and phenol, 0.4 to 400 p.p.m.). 
Such values, of course, reflect the use 
of different test fish, dilution waters, 
test exposure times, and other experi- 
mental conditions. Some of the values 
obtained are widely quoted as ‘‘safe’’ 
or ‘‘lethal’’ concentrations with little 
or no reference to the experimental 
conditions. Many of these coneentra- 
tions are not only of little value but 
also may be misleading. 

Even if the toxic components of a 
complex waste and their individual 
toxicities are known, it would be diffi- 
eult or impossible for an industry to 
use such data to indicate the toxicity 
of the total waste in a particular re- 
ceiving water. A limited amount of 
toxicity information is available for 
mixed industrial effluents, but this may 
vary greatly even in the same type of 


industry depending on _ operational 
conditions. 
Toxicity of the same or similar 


wastes may vary widely in different 
receiving waters. Many factors may 
influence the toxicity of a waste to fish. 


Among these are temperature, dis- 
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solved oxygen, carbon dioxide, pH, 
alkalinity, hardness, synergy, and an- 
tagonism. 

Hydrogen cyanide, cyanogen chlo- 
ride, and some of the simple metal 
cyanides are highly toxic to fish. The 
toxicity is usually greater at high tem- 
peratures and low dissolved oxygen 
and pH levels. The toxicity of com- 
plex ecyanides is generally lower than 
hydrogen cyanide but some of these 
are greatly influenced by water quality 
characteristics. It has been reported 
(7) that ferro- and ferri-cyanides when 
exposed to sunlight are subject to 
photo-decomposition with the result 
that they break down and become toxic 
at concentrations as low as 2 p.p.m. 
The toxicity of many of the metal- 
cyanide complexes is greatly influenced 
by pH. Doudoroff (8) has reported 
that fish can withstand more than 1,000 
times as much nickel cyanide complex 
at pH 8 as at pH 6.5. He also found 
that a reduction in pH from 7.8 to 
7.5, ean result in more than a 10-fold 
increase in the toxicity of a NaCN- 
NiSO, mixture. Thiocyanates may be 
decomposed by chlorination with the 
formation of highly toxic cyanogen 
chloride. It is thus apparent that the 
concentration of cyanide in an undi- 
luted cyanide-bearing waste is not 
necessarily a reliable measure of the 
toxicity of the waste in the receiving 
stream. 

Ammonia becomes rapidly more 
toxic as the pH increases above 8.0. 
This is probably because the NH,OH 
molecule is much more toxie than the 
NH, ion. Being a weak base, ioniza- 
tion of NH,OH is depressed as the pH 
increases, with the result that more and 
more molecules are present and thus 
the toxicity increases. Ellis (3) found 
that the toxicity of ammonium com- 
pounds increased 200 per cent or more 
between pH 7.4 and pH 8.0. Acid 
salts of ammonia can be expected to 
be less toxic in soft water with lower 
buffering capacity because they lower 
the pH and decrease the concentration 
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of NH,OH molecules. The total 
amount of ammonia present as indi- 
cated by chemical analysis is not neces- 
sarily a measure of toxicity. 

The toxicity of metal salts may be 
greatly influenced by pH, alkalinity, 
and hardness. In studies carried on at 
the Robert A. Taft Sanitary Engineer- 
ing Center, it has been found that 
many of the metals are much more 
toxic in soft water than they are in 
hard water. For example, beryllium 
and uranium were 60 to 80 times more 
toxic to fathead minnows in soft wa- 
ter than they were in hard water. 
Copper has killed fish at concentra- 
tions as low as 0.06 p.p.m. in soft water 
with a low pH; whereas it is well 
known that during algicidal operations 
in some lakes, concentrations well 
above 0.5 p.p.m. have been applied 
without lethal effects to fishes. The 
toxicity of solutions containing tita- 
nium, vanadium, zirconium, and other 
metals may be reduced due to precipi- 
tation or complexing with materials 
present in the water, thus reducing the 
amount of metal ion in solution. The 
toxicity is greatly increased at lower 
pH values. 

Moderate concentrations of metal 
salts such as those of sodium, mag- 
nesium, potassium, or calcium, which 
are harmless to fish in sea water and 
in highly mineralized fresh water, can 
be injurious when they occur alone or 
in physiologically unbalanced solu- 
tions. The toxicity of copper, zine, 
and other heavy metals is counteracted 
by calcium and other antagonistic 
metal cations. On the other hand, cop- 
per and zine, copper and cadmium, and 
zine and nickel are strongly syner- 
gistic. Doudoroff found that 0.025 
p.p.m. of copper with 1 p.p.m. zine in 
soft water was more toxic to fathead 
minnows than 0.2 p.p.m. copper, or 8.0 
p.p.m. of zine alone. 

Dissociation, recombination, and ox- 
idization are also of importance in de- 
termining the toxicity of a waste in a 
receiving stream. Recent studies at 
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the Sanitary Engineering Center dis- 
closed that fish lived longer in a rela- 
tively high concentration of NaoS than 
they did in weak solutions. In the 
weaker solutions oxidation produced 
SO, which, due to dissociation and re- 
combination, caused a lowering of the 
pH. This in turn inereased the 
amount of H.S formed by the dissocia- 
tion of NaS. Since it is the HS 
molecule which is largely, if not en- 
tirely, responsible for the toxicity, 
lowering of the pH depresses the ion- 
ization of the H.S and the toxicity in- 
creases. 

It is evident from the foregoing that 
the character of the receiving water 
can cause wide variations in the tox- 
icity of many materials to fishes. Fur- 
thermore, wastes already in a stream or 
added subsequently may influence the 
toxicity of another waste through an- 
tagonistic or synergistic action. Chem- 
ical analyses alone cannot indicate tox- 
icity in most instances; however, a 
knowledge of the chemical makeup of 
a waste can be helpful in applying bio- 
assay results. Furthermore, analytical 
methods are not available for all sub- 
stances which may be toxie to fishes, 
nor are they sensitive enough to de- 
tect some materials at the low concen- 
trations at which they are toxic. Nor 
would a knowledge of the main con- 
stituents of a waste and their indi- 
vidual toxicities indicate the toxicity 
of the complex or its variation with 
changes in water quality. 

In view of this situation it is be- 
lieved that water quality criteria ex- 
pressed in general numerical terms 
cannot be set up for all materials to 
apply over extensive areas or even to 
all parts of the same stream. If such a 
cook-book approach is used, permissible 
levels must be set so low that the allow- 
able concentration is safe, even under 
those situations in which the material 
is most toxic. It is apparent, there- 
fore, that rigid standards applied over 
wide areas without regard to normal 
stream characteristics, will penalize 
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those industries on streams in which 
the toxicity of the wastes is naturally 
low. 

There are three main criteria which 
can be assigned numerical values ap- 
plicable over extensive areas. These 
are criteria for temperature, D. O., and 
pH. While the toxicity of some sub- 
stances is not significantly affected by 
water quality, it is believed desirable 
from the standpoint of fairness and 
economy to adopt the tailor-made ap- 
proach for toxicity criteria and estab- 
lish safe levels based on the amount of 
a particular waste that can be added 
to a particular stream at a specific 
point without detriment to aquatic 
life. These safe levels can best be 
determined by means of bio-assays 
made with the waste in question by 
using water from the receiving stream 
for dilution and by employing local 
fish as bio-reagents. The bio-assay 
takes into consideration most of the 
factors governing toxicity and is a di- 
rect approach to the problem. How- 
ever, plant operational and chemical 
data are necessary for the proper inter- 
pretation and application of bio-assay 
results. 


Bio-Assay Facilities and Equipment 


Various bio-assay procedures using 
fish (1)(2)(9)(10)(11)(12)(13) and 
other organisms (14) have been de- 
scribed. The procedure recommended 
by the subcommittee on toxicity of the 
Federation of Sewage and Industrial 
Wastes Associations (2) has proved 
satisfactory with a variety of indus- 
trial effluents. Briefly this procedure 
consists of preparing different concen- 
trations of an effluent. or other test ma- 
terial with a selected dilution water, 
adding the test fish, and observing 
their reactions over a definite time pe- 
riod. From the observed mortality in 
the different concentrations, median 
tolerance limit (TL,,) values are esti- 
mated by straight line graphical inter- 
polation. The tests are usually con- 
ducted for a 96-hr. period with 24-, 
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48-, and 96-hr. TL,, values estimated 
by this method. The TL,, (concentra- 
tion that kills fifty per cent of the test 
fish) is a direct comparative measure 
of toxicity. 

This discussion is concerned with 
some of the practical problems that 
have been experienced in conducting 
bio-assays with a variety of industrial 
effluents. For further details or explan- 
atory material, reference (2) should 
be consulted. The major requirements 
for conducting bio-assays are: (a) an 
adequate supply of test fish and dilu- 
tion water and (b) laboratory facili- 
ties for holding fish and conducting 
the bio-assays. 


Test Fish 


The test fish used in the studies 
should be a species adaptable to the 
laboratory conditions of temperature, 
feeding, and handling. They should 
be of small size (for the experimental 
conditions described in this paper they 
should not exceed 3 in. in length nor 
weigh more than 2 g.) and should be 
readily available. This discussion is 
confined primarily to the use of so- 
called warm water species which will 
be most commonly used in bio-assay 
laboratories. However, cold water 
species such as trout or salmon are 
good test fish and are easily kept in the 
laboratory if temperatures of 55° to 
65° F. can be maintained and adequate 
water supplies are available. Where 
these fish are important in receiving 
waters, provision should be made for 
their use. 

Availability of an adequate supply 
of healthy fish of desirable uniform size 
may be the major factor in the selec- 
tion of a test species. Almost any 
species that can be satisfactorily main- 
tained in the bio-assay laboratory can 
be used. A suitable supply of test 
fish may be generally available from 
such sources as bait dealers, fish hatch- 
eries (state, federal, or private), pet 
shops, and so-called fish farms which 
specialize in goldfish or other species 
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normally used in household aquaria. 
Supplies may also be obtained by sein- 
ing or trapping in local waters or they 
may be raised in outdoor or indoor fa- 
cilities. Local conservation officers or 
fisheries personnel may be of help in 
locating an acceptable supply. 

Species which have been used suc- 
cessfully in bio-assay laboratories and 
are commonly available from bait deal- 
ers are fathead minnows (Pimephales 
promelas), bluntnose minnows (Hy- 
borhynchus notatus), and Baltimore 
minnows (uncolored goldfish). Other 
species often handled by bait dealers 
which are satisfactory, although not 
generally available in suitable size or 
numbers, are creek chubs (Semotilus 
atromaculatus), suckers (Catostomus 
sp.), stonerollers (Campostoma ano- 
malum), and dace (Rhinichthys sp.). 
Other species which are frequently 
available, although much more difficult 
to handle in a bio-assay laboratory, are 
shiners (Notropis sp.) and golden 
shiners (Notemigonus  crysoleucas). 
From the standpoint of size, ease of 
handling, adaptability to laboratory 
conditions, and uniformity of test re- 
sults, the fathead minnow is an ex- 
cellent choice. 

Many state, federal, and private fish 
hatcheries in various parts of the 
United States raise warm water game 
species such as sunfish (Lepomis sp.) 
and bass (Micropterus sp.). Juveniles 
(1% to 21% in. long) of most of the 
eentrarchids (sunfish, crappies, black 
bass, ete.) are satisfactory as test fish 
laboratories, although 
somewhat more care is required in ac- 


for bio-assay 
climating these fish to laboratory con- 
ditions, especially feeding. One ad- 
vantageous use of the centrarchids is 
that bio-assay results can be applied 
directly since these fish are generally 
the most important in receiving wa- 
ters. Bluegill sunfish (Lepomis macro- 
chirus) have been successfully used 
by many bio-assay laboratories. 
Among usable species available from 
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pet stores or fish farms are the gold- 
fish (Carassius auratus) and guppies 
(Lebistes reticulatus). While these 
fish are not normally of importance in 
receiving waters and bio-assay results 
may not be applied directly, they are 
among the most desirable test fish from 
the standpoint of maintenance in the 
laboratory and uniformity of available 
stock. If provision is made for com- 
parison with important local species, 
these fish may be desirable test fish for 
routine bio-assay work. 

Many of the previously named, as 
well as additional suitable species, may 
be obtained by seining or trapping 
from local ponds, lakes, or streams if 
adequate numbers of uniform size can 
be obtained at various seasons of the 
year. Some species, readily obtainable 
at some seasons, are almost impossible 
to obtain at others. Provision of ade- 
quate holding facilities such as small 
outdoor earthen ponds, outdoor or in- 
door concrete pools, or large glass 
aquaria may overcome this difficulty. 
Species such as fathead minnows, blue- 
gill sunfish, or goldfish can be raised in 
outdoor earthen ponds while guppies 
may be raised in indoor pools or 
aquaria. 

For uniform test results it has been 
found desirable to use a single species 
for the bio-assay work. The sensitivity 
of different species to different chemi- 
Fish that are tol- 
erant of low oxygen conditions are not 


eals varies greatly. 


necessarily tolerant of toxic materials. 
The tolerance also may be dependent 
on the type of chemical. For example, 
bluegill sunfish are more tolerant of 
copper and chlorine than fathead min- 
nows, while the reverse is true for cer- 


tain insecticides and detergents. Even 
the supposedly resistant goldfish is 
fairly sensitive to some chemicals. 


When investigating a particular efflu- 
ent, a few coniparative tests can relate 
the sensitivity of the test fish to that 
of other species which may be of major 
importance in the receiving water. 
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This information is essential when 
using bio-assay results to determine 
safe dilutions in a receiving stream. 

The cost of test fish may vary con- 
siderably depending on their source 
and location. Small bait minnows are 
usually reasonable, the price generally 
ranging from $1.00 to $5.00 per hun- 
dred, while costs of other species range 
from $5.00 upward. 

When stock supplies of test fish are 
brought into the laboratory some losses 
may be expected. The extent of the 
loss will depend on the care used in 
their capture and transport. Losses 
occur more frequently among certain 
species of wild fish, usually within two 
or three days after capture with few 
subsequent losses. The fish should not 
be used for bio-assays until they have 
been acclimated to laboratory condi- 
tions for at least a week; a longer ac- 
climation period should be used if ex- 
cessive losses continue. 

Provision must be made for feeding 
the stock fish. A commercial dry dog 
food, ground and sereened to remove 
dust and to secure a size readily taken 
by the fish, has proven satisfactory for 
feeding several test species. Daily 
feeding is adequate for most species. 
Centrarchids, which normally feed on 
living material, do well on this type 
of food if they are taught to eat it by 
feeding small quantities several times 
daily. Care must be taken not to 
overfeed. Avoidance of extremely fine 
food material also helps to keep the 
aquaria clean. 


Dilution Water 


The recommended diluent for pre- 
paring test concentrations is water 
from the receiving stream or lake, just 
upstream from the effluent outlet and 
outside its zone of contamination. If 
this upstream water is already con- 
taminated to the extent that fish will 
not survive after suitable aeration, 
other diluent sources must be used. In 
such cases the characteristics of the re- 
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ceiving water must be considered in 
evaluating bio-assay results. 

Springs, streams, or lakes in the 
same locality have also proven satis- 
factory as sources of dilution water. 
Such substitute dilution waters should 
have characteristics similar to those of 
the receiving stream, particularly with 
respect to pH, alkalinity, and hard- 
ness, and should not be subject to wide 
fluctuations in these characteristics. 
Some modification may be made to 
meet these requirements by the addi- 
tion of distilled or demineralized water 
or certain chemicals. 

While ordinary city tap water has 
often been used in conducting  bio- 
assays, this source is not generally sat- 
isfactory. Many city water supplies 
fluctuate widely in major character- 
istics, especially pH, alkalinity, and 
hardness, and this fluctuation may 
cause difficulty in obtaining uniform 
bio-assay results. Most city supplies 
also contain 0.2 to 1.0 p.p.m. residual 
chlorine which may be detrimental or 
even fatal to the test fish. Chlorine 
ean be removed by passing the water 
through an activated carbon column, 
by allowing it to stand in sunlight for 
a day or two, or by vigorous aeration. 
Well water supplies are not generally 
satisfactory. 

If the characteristics of the receiving 
water fluctuate widely, it may be de- 
sirable to use two or more diluent wa- 
ters to cover this range of fluctuation. 
The characteristics of the diluent wa- 
ter should be known and reported for 
each series of bio-assays. The use of a 
good uniform experimental water, es- 
pecially if obtained from the receiving 
stream, helps greatly in interpretation 
of bio-assay results. 

Adequate storage facilities must be 
provided so that the diluent water, 
when hauled or piped into the labora- 
tory, can be held until it reaches room 
temperature. It should be aerated to 
equilibrium with atmospheric gases be- 
fore being used for bio-assays. 
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FIGURE 1.—Floor plan of a proposed bio-assay laboratory. 


Laboratory Space, Facilities, and 
Equipment 


Experience has indicated that the 
average industrial analytical labora- 
tory is suitable for conducting bio- 
assays of industrial effluents. Most 
laboratories have a satisfactory degree 
of temperature control (70° to 80° F.) 
for bio-assays with warm water species 
of fish. For research or precise com- 
parative work with pure chemicals, a 


further degree of temperature control 
such as an air conditioned laboratory, 
a constant temperature room, or water 
bath may be necessary. Most labora- 
tories also have suitable bench space, 
sinks, and utilities, including com- 
pressed air, water, and ordinary chemi- 
cal glassware. 

A laboratory arrangement suitable 
and convenient for conducting bio- 
assays is shown in Figure 1. The cost 
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TABLE I.—Description and Cost of Bio-Assay Equipment 

Item Description 

(8) 
A | 50-gal. glass aquarium (36 in. X 18 in. X 18 in.) 80.00 2 
B 15-gal. glass aquarium (24 in. X 12 in. X 12 in.) 13.00 4 
C | Inside aquarium filter 2.00 8 
D | Air stone 0.35 30 
E | Activated carbon column (34-in. dia., 3 ft. high) 50.00 1 
F | 1-gal. widemouth glass bottle (64-in. dia., 9 in. high) 0.30 60 
G 5-gal. widemouth glass bottle with bail handle and screw cap (10- 

| in. dia., 18 in. high) 2.00 60 
H Oxygen cylinder with pressure reducing valve 50.00 2 
J | Three-way air valve 0.70 40 
K | Petri dish (4-in. dia.) 0.60 60 
L | 5-gal. polyethylene bottle with handle and screw cap (11-in. dia., 

| 22 in. high) 7.75 20 
M 50-gal. polyethylene tank with spigot and cover (22-in. dia., 32 in. 

high) 60.00 2 

N Squeez-o-matic burette (10 or 25 ml.) 14.00 4 
P | pH meter 250.00 1 
R | Recording thermometer (5-day) 180.00 1 


of some of the items, not generally 
available in analytical laboratories, are 
listed in Table I. 

Many other arrangements could be 
used ; however, this one gives some idea 
of the bench space requirements for 
holding and acclimating test fish, pre- 
paring and storing dilution water, pre- 
paring test concentrations, conducting 
exploratory and full-seale bio-assays, 
and performing the necessary chemical 
control tests. Adequate space is pro- 
vided for conducting four or five full- 
seale bio-assays simultaneously, which 
is about capacity for one person to 
handle. With additional shelf space 
underneath the main benches, and 
help in washing glassware, obtaining 
dilution water, and making chemical 
analyses, a considerably greater num- 
ber of tests can be conducted. In a 
similar facility as many as 20 bio- 
assays of industrial effluents were con- 
ducted in a seven-day period. 

If a special constant-temperature fa- 
ecility is desired, space requirements 
ean be considerably reduced by using 
a two- or three-tier shelf arrangement 
for bio-assays and fish storage, and by 
removing the chemical work, washing 
of glassware, and other ancillary ac- 


tivities to an adjoining room. The 
bench or shelf space needed for each 
full-scale bio-assay is approximately 6 
ft. long by 2 ft. wide. 

Area No. 1, Figure 1, provides space 
for holding and acclimatizing fish. 
Each of the large aquaria for holding 
fish (A) is adequate for accommo- 
dating about 500 average-size test 
specimens. An air supply, adequate 
to provide continuous aeration must be 
available. Aquarium filters (C) of the 
inside type have been found most de- 
sirable and are helpful in keeping the 
aquaria clean and in lengthening the 
time between water changes. Ordi- 
nary tap water can be used for holding 
fish if chlorine has been removed by 
passing the water through an activated 
earbon column (E) and if tempera- 
ture changes are not too abrupt. The 
smaller aquaria (B) may be used for 
acclimating the test fish to the experi- 
mental water or for holding them with- 
out food for periods immediately pre- 
ceding the tests. They may also be 
useful for retaining previously used 
undamaged fish that may be re-used 
for exploratory tests. 

Area No. 2 provides for the storage 
and preparation of dilution water. 
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The polyethylene items described (L; 
M) have been satisfactory for this use, 
although other inert materials of vari- 
ous sizes and shapes may be used. Ad- 
ditional supplies of distilled or demin- 
eralized water are also desirable, par- 
ticularly if studies are to be made of 
the effect of a change in water quality 
characteristics on the toxicity of efflu- 
ents. 

Area No. 3 can be used for prepar- 
ing experimental test concentrations of 
the effluent in the dilution water and 
for exploratory tests (I) to determine 
the approximate toxie range. In these 
tests air or oxygen may be needed, de- 
pending on the nature of the effluents. 

Area No. 4 supplies bench space for 
holding 20 full-scale test aquaria (G) 
on each side and permits the simul- 
taneous conduct of at least four full- 
scale bio-assays. Air and oxygen must 
be provided. A convenient arrange- 
ment for supplying air or oxygen is 
through a system of small tubing and 
three-way air valves (J) so that the 
supply to each test aquarium can be 
regulated independently. This system 
may be attached either to the air sup- 
ply or to an oxygen eylinder (IH) 
equipped with a pressure reducing 
valve and regulator. Small petri 
dishes (K), each containing a filter 
paper soaked in formalin, are conven- 
ient for holding and observing dead 
fish. A recording thermometer (R) is 
useful for temperature records. 

Area No. 5 provides space for the 
chemical tests necessary for oxygen 
control and for the information to be 
used in interpreting bio-assay data. 
Squeez-o-matic burettes (N) have been 
found useful for the rapid perform- 
ance of certain chemical tests. 

Additional items needed for fish 
handling are dip nets, a food grinder, 
screens, and miscellaneous rubber or 
plastic tubing for air and oxygen lines. 
Various items of chemical glassware 
are needed for preparing test concen- 
trations for bio-assays, for preparing 
chemical reagents, and for conducting 
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the necessary analytical tests. Other 
major equipment items generally avail- 
able in industrial laboratories may in- 
clude a water still and/or demineral- 
izer, an air compressor, and an analyt- 
ical balance. 


Conducting Bio-Assays 
Collection of Effluent Samples 


The collection of effluent samples for 
bio-assay studies and their correlation 
with plant operations is of extreme im- 
portanee. The nature of the plant op- 
eration and the physical character of 
the receiving water primarily deter- 
mine the most effective sampling pro- 
gram. This program must be care- 
fully worked out for each industrial 
plant. Where operations are variable, 
and intermittent streams of possibly 
toxic materials are released, grab sam- 
ples taken at the proper time would 
indicate damage to aquatic life that 
may not be apparent from composite 
Where effluents are im- 
pounded or are released into waters of 
little or no immediate consequence to 


samples. 


aquatic life, composite samples may be 
adequate. A thorough bio-assay study 
may include grab and 4- to 24-hr. com- 
posite samples of final and process ef- 
fluents. 

Effluents may be collected manually 
or with automatic samplers. Provision 
should be made for obtaining informa- 
tion on waste flow, volume, tempera- 
ture, and other pertinent chemical or 
operational data. This may be ex- 
tremely important in evaluating bio- 
assay results. 

The size of the sample needed may 
vary depending on the toxicity. Five- 
to ten-gallon samples are normally ade- 
quate for final effluents of moderate 
to low toxicity while 1-gal. samples 
may be sufficient for highly concen- 
trated process effluents. Metal contain- 
ers should not be used for collecting 
or storing effluents. The glass bottles 
used for the test aquaria are satisfac- 
tory as are many other types of glass 
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jugs, bottles, or carboys. The poly- 
ethylene bottles are satisfactory but 
should be used with caution if the efflu- 
ents contain a large percentage of oils 
or solvents. 

The effluents should be brought to 
the laboratory and bio-assays started 
as quickly as practical, preferably 
within a few hours. However, the tests 
may have to be delayed in order for 
hot or cold effluents to come to room 
temperature. Some effluents may lose 
toxicity fairly rapidly due to chemical 
or biological changes or due to the loss 
of volatile materials. When samples 
are stored for more than 24 hr., it is 
preferable to keep them in full, tightly 
stoppered bottles, and refrigerated. 


Test Concentrations 


Test concentrations of effluents are 
usually prepared on a per cent-by- 
volume basis in the experimental wa- 
ter. The logarithmic series suggested 
by Doudoroff et al. (2) has been satis- 
factory and convenient for work with 
industrial effluents. The series 100, 
56, 32, 18, and 10 per cent, ete., which 
represents quarter points, evenly spaced 
on semi-logarithmic paper, is normally 
adequate for obtaining the desired in- 
formation on the variable effluents 
from most industries. A higher degree 
of accuracy can be obtained when 
necessary, by using intermediates, e.g., 
75, 42, 24, 13.5 per cent, ete. 

For effluents of completely unknown 
toxicity, much time and effort may be 
saved by conducting small-seale or ex- 
ploratory bio-assays to determine the 
approximate toxic range. Test solu- 
tions are prepared over a wide range 
of concentrations; for example—100, 
10, 1, ete., or 100, 32, 10, 3.2, ete. per 
cent effluent. Two fish are added to 
2 1. of each of the exploratory test solu- 
tions in the 1-gal. widemouth glass bot- 
tles. Observations for a short period, 
a few hours or overnight, will indicate 
test concentrations for the full-scale 
experiments. 

In the full-seale tests, 10 fish are 
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generally adequate for each test con- 
centration. Five fish are added to 10-1. 
duplicate samples in the large glass 
bottles. The concentrations to be used 
in the full-scale tests are determined on 
the basis of the information obtained 
from the exploratory tests. For ex- 
ample, if fish are killed in concentra- 
tions of 10 per cent and above, and are 
not affected in concentrations of 1 per 
cent in the exploratory tests, the full- 
scale tests are set up in concentrations 
of 10, 5.6, 3.2, 1.8, and 1.0 per cent. 
Controls using dilution water only 
should be set up for each series of ex- 
periments. Sufficient information may 
be obtained in some instances from ex- 
ploratory or partial full-scale experi- 
ments. 


Physical and Chemical Determinations 

Certain physical and chemical de- 
terminations should be made on each 
concentration in the series during the 
course of the bio-assay. Determinations 
that are usually necessary are temper- 
ature, dissolved oxygen, pH, alkalinity, 
acidity, and hardness. Others that 
may be useful, depending on the type 
of effluent, are turbidity, color, con- 
ductivity or total solids, ammonia, ey- 
anide, phenols, sulfide, various metals, 
ete. 

The determination of dissolved oxy- 
gen is necessary to differentiate be- 
tween fish mortality due to oxygen de- 
ficiency and that due to toxicity. It 
is also necessary to assure control of 
oxygen conditions during the experi- 
ment. High or low pH values (above 
9 or below 5) which may cause fish 
mortality can be readily determined. 
A change in pH values may have a 
definite effect on the toxicity of many 
substances. 

The physical and chemical control 
tests are normally made on test solu- 
tions before adding fish, after fish mor- 
tality, and at the termination of the 
bio-assay. Some of these tests, espe- 
cially the D.O. determination, may be 
needed more frequently. 
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It has been found desirable to re- 
duce to a minimum the volume of solu- 
tion used for routine tests and to use 
the most rapid methods consistent with 
desired accuracy (e.g., dissolved oxy- 
gen—1l100 ml. sample, 0.2 p.p.m. ae- 
curacy ; alkalinity and hardness—20 to 
50 ml. sample, 5 p.p.m. accuracy). 
Small rubber or plastic tubing may be 
used to siphon the samples directly 
from the bio-assay aquaria into small 
D.O. bottles (125 ml. glass-stoppered 
bottles) and other containers such as 
small beakers or flasks. 


Aeration or Oxygenation of Test Solu- 
tions 


The bio-assay method described is 
designed so that surface absorption of 
oxygen from the atmosphere normally 
provides an adequate amount of dis- 
solved oxygen for the fish during the 
test period. Many industrial effluents, 
however, have a high chemical or bio- 
chemical oxygen demand which may 
cause oxygen depletion. While it is 
desirable to refrain from the use of air 
or oxygen when possible, dissolved oxy- 
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gen levels must be maintained at con- 
centrations adequate for fish survival, 
usually 3 p.p.m. or greater, through 
the addition of air or oxygen from an 
artificial supply. 

Aeration with compressed air has 
been generally unsatisfactory in work 
with industrial effluents. Small addi- 
tions of air will not ordinarily main- 
tain the necessary quantities of oxygen 
whereas vigorous aeration may drive 
off volatile materials and greatly speed 
up biological oxidation. 

Methods of maintaining adequate 
dissolved oxygen which have proven 
satisfactory are: (a) supersaturation 
of the dilution water with pure oxygen 
which will take care of immediate 
chemical demand, (b) renewal of test 
solutions at fixed periods (12 or 24 
hr.) before the initial oxygen is ex- 
hausted, (c) maintenance of an inter- 
face of pure oxygen at the solution 
surface, and (d) the addition of pure 
oxygen at a slow rate (30 to 180 bub- 
bles per minute) by means of a suitable 
eylinder and valve arrangement. The 
last method was successfully used in a 
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large-scale bio-assay program with a 
variety of industrial effluents. The 
toxicity of effluents known to contain 
volatile materials was not greatly in- 
fluenced by the addition of oxygen in 
this manner. 


Bio-Assay Results 
Computation of Results 


Observations on the reactions of test 
fish are generally made for a 96-hr. 
period. The 24-, 48-, and 96-hr. TL, 
(median tolerance limit) values are 
estimated through straight-line graphi- 
cal interpolation as shown in the fol- 
lowing example: 


Concentrations of 10, 5.6, 3.2, 1.8, 
and 1.0 per cent effluent in the selected 
dilution water were prepared and 10 
fish added to each. The 48-hr. observa- 
tions gave the results presented in 
Table II. 


The per cent survival of fish is 
plotted against log concentrations and 
the closest points on each side of the 50 
per cent survival line are connected. 
The interpolation for 50 per cent sur- 
vival (Figure 2) obtains a TL,, of 4.0 
per cent. 

Experience with a variety of indus- 
trial effluents has shown major differ- 
ences in 24- and 48-hr. TL,, values, al- 
though there was little or no differ- 
ence in the 48- and 96-hr. values, ex- 
cept for an occasional effluent which 
produced fish mortality over the longer 
period. This exception, of course, is 
related to the nature of the chemicals 
in the effluent. It is believed that 48- 
hr. values may be sufficient in many 
situations; however, initial work with 
an unknown effluent should embrace at 
least the 96-hr. period. The differences 
in these values may be of assistance in 
interpreting and applying laboratory 
bio-assay results. 

The TL,, thus obtained is a direct, 
comparative measure of toxicity under 
the test conditions. Obviously a con- 
centration of effluent that causes direct 
injury to fish on short-time exposure 
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would not be safe for all aquatic life 
over an extended period. It would be 
quite definite, however, that this con- 
centration could not be exceeded with- 
out detrimental effects. To insure ade- 
quate safety to aquatic life, liberal ap- 
plication factors (sometimes errone- 
ously called safety factors) must be 
used. 


Application Factors 


An application factor which relates 
short-term laboratory bio-assay results 
to actual conditions, is necessary in 
order to estimate the concentration of 
effluent which will have no detrimental 
effect on aquatic life in the receiving 
water. Need for such a factor and its 
numerical value are based primarily 
on the following considerations: 


1. As commonly used the bio-assay 
procedure determines the concentra- 
tion of a waste at which one-half of the 
test fish survive for a short period. 
What is needed, however, is not 50 
per cent but 100 per cent survival, and 
not for short periods, but under con- 
ditions of continuous exposure. Thus 
an application factor is required to 
compensate for this difference. If con- 
tinuous flow, long-time experiments are 
performed with 100 per cent survival 
as an endpoint, the numerical value of 
this factor is reduced. 

The difficulties in routinely perform- 
ing experiments of this kind are obvi- 
ous. Because of the normal biological 
variation of individuals of the same 
species, the use of 100 per cent survival 
as an endpoint will not give satisfac- 
tory comparative results. It is be- 


TABLE II.—Fish Survival 


Effluent 
ae Condition of Fish Survival (%) 

10 | All dead 0 
5.6 2 alive 20 
3.2 7 alive 7 
1.8 All alive 100 
1.0 All alive 100 
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lieved that for most industrial waste 
work, use of the described short-term 
procedure and the application factor 
determined for that type of waste will 
be more desirable. From _ present 
knowledge, this factor may vary, de- 
pending on the chemical nature of ef- 
fluents, but it may fall within fairly 
narrow limits for most effluents, per- 
haps in the vicinity of 2 to 3. Work 
is being conducted at the Sanitary 
Engineering Center to develop factors 
for various types of industrial efflu- 
ents. 

2. Test data apply only to the 
species of fish used. Other fish and 
fish food organisms may be more sensi- 
tive. If very sensitive species are used 
in bio-assay work, the application fac- 
tor can be reduced, but such species 
are more difficult to maintain in the 
laboratory. Furthermore, the sensitiv- 
ity of species may vary depending on 
the nature of the effluent as mentioned 
in the previous discussions on test fish. 
The use of a good laboratory fish and 
the relating of results to other species 
appear to be the more practical ap- 
proach. Before this procedure can be 
effectively carried out research is 
needed to determine the relative sus- 
ceptibility of the important fishes and 
their food organisms at all stages of 
their life history to the major toxic ef- 
fluents or waste chemicals. 

3. Industrial effluents are often 
highly variable in volume and toxicity. 
While measurement of a few samples 
may indicate the degree of toxicity, 
the maximum toxicity and the total 
contribution of toxic materials may be 
missed. The maximum toxicity of the 
waste may be the limiting factor from 
the aquatic life standpoint. Thus, 
some factor must be provided to allow 
for this variability ; however, if a large 
number of bio-assays have been con- 
ducted and the maximum conditions of 
toxicity have been ascertained and 
used in the computation of the toxicity 
discharged to the stream, this factor 
may be minimized. 
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4. Other variables which may have a 
considerable effect on toxicity, but are 
generally provided for in the experi- 
mental procedure, are temperature, 
dissolved oxygen, pH, alkalinity, hard- 
ness, synergy, and antagonism. Nat- 
ural purification factors such as bio- 
logical oxidation and chemical changes 
such as oxidation or hydrolysis to non- 
toxic products, precipitation or com- 
plexing, loss of volatiles, ete., must also 
be considered. Any large differences 
in these characteristics between experi- 
mental and actual conditions must be 
taken into account and appropriate 


factors used. 


After each of the preceding points 
has been considered, and in the absence 
of experimental work for the deter- 
mination of an application factor, a 
tentative numerical value may be as- 
signed as an application factor. This 
may be applied as a fractional value of 
the TL,, to estimate a safe concentra- 
tion in the receiving water. For exam- 
ple, with an application factor of 10, 
the indicated ‘‘safe’’ concentration is 
one-tenth of the TL,, value. 

A proposed practical method of ap- 
plying bio-assays to meet many specific 
industrial waste problems is as follows: 


1. Perform bio-assays to obtain TL, 
values. 

2. Compute the dilution water re- 
quired to reduce the toxicity of the 
total flow or volume of effluent to 50 
per cent mortality of the test fish. 
This value can be computed directly 
by using the following formula: 


<a 100 — TL, 
Dilution volume = — 


< Effluent flow 


This value can be in any convenient 
unit (c.f.s. m.g.d., ete.) and gives a 
direct measure of the toxicity con- 
tributed by an effluent. 

3. Multiply the dilution volume by 
the application factor (in the form of 
a whole number) to give the total dilu- 
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tion water requirement for safety to 
aquatic life. 


Research and field study are neces- 
sary for establishment of reasonably 
definite application factors for various 
type effluents under different condi- 
tions. A tentative value of 10 is sug- 
gested when using the basic bio-assay 
procedure with a fish of intermediate 
tolerance, provided there is no great 
difference in the 24-, 48-, and 96-hr. 
TL,, values. The individual factors 
can be reasonably ascertained at pres- 
ent in many industrial situations. Pe- 
riodic follow-up studies of the receiv- 
ing water biota may be necessary to 
determine the adequacy of a program 
of this nature. 


Use of Bio-Assays by Industry 


There are many purposes for which 
industry could effectively bio- 
assays. The toxicity of final effluents 
and the probable effects on the receiv- 
ing water can be determined. Toxic- 
ity may be traced to process effluents, 
which may be modified, eliminated, or 
treated. The location of toxicity 
sources makes possible the treatment of 
much smaller quantities of waste or it 
may determine that mixing and la- 
gooning or storage with regulated re- 
lease is adequate. The effectiveness of 
treatment processes can be established. 
Leaks, spills, or other losses of chemi- 
eals into waste streams can be detected 
and located. The toxicity of wastes 
from new products or processes de- 
veloped in research laboratories can be 


TABLE III.—Comparative Toxicity of Industrial Effluents 
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evaluated. When locating new plants, 
the quantity of dilution water neces- 
sary or the degree of waste treatment 
required may be ascertained in ad- 
vance of construction. Effluents can be 
continuously monitored by means of 
continuous flow bio-assays to detect 
spills or any changes that may affect 
the aquatic life in the receiving wa- 
ters, 

The examples which follow may 
serve to illustrate the use of bio-assays 
in connection with industrial waste 
problems. 


Synthetic Fiber 


A large synthetic fiber plant located 
on a highly valued recreational stream 
released effluent which effectively de- 
stroyed aquatic life. While this could 
be shown by examining the stream 
biota, conventional physical and chemi- 
eal tests (temperature, pH, dissolved 
oxygen, B.O.D., coliforms, ete.) gave 
no evidence of serious pollution. Bio- 
assays showed this effluent to be highly 
toxic to fish under minimum river flow 
conditions and also helped to locate the 
major toxic component (zine). Atten- 
tion to the elimination of zine in the 
treatment process restored the aquatic 
life of this river in a short time. 


Multiple Industries 


A number of effluents from differ- 
ent industries were entering a receiv- 
ing water which was itself of little or 
no consequence from the aquatic life 
standpoint. Toxicity, which built up 
in this basin, was suspected of causing 


Median Tolerance Limit (TLm), Die 
Effluent Samples Flow (c.f.s.) ony 

Range Average 

A 3 20.6 37-42 40.0 32 

B 7 17.4 4.4-16 9.1 174 

C 7 10.5 13.5-28 20.0 42 

D 8 2.8 4.0-24 9.6 26 

E 14 9.85 2.9-22.5 11.0 80 
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PERCENT 
CONTRIBUTION 
BOOSTER CONDENSER WATER 
WO TOXICITY 0.167 mg 
QUENCH WATER Thp~50 it 
PRIMARY COOLER WATER 0.630 ag pv-0.21 
NO TOXICITY 0.546 mg 
AMMONIA STILL Tla-!-16] 23% 
0.045 mg DV-3.79 
TAR PLANT 10% 
0.149 mg py-1.80 
GAS FINAL COOLER 
INTERMITTENT OVERFLOW 
INTAKE 
TlL_~60 EAST SUMP (BENZOL PLANT COOLING WATER) [| TL,-80 | Of _ 
Dv-1.42 0.540 mg 
2.133 mg 
LIGHT OIL DECANTER | 5% 
0.029 mg DV-0.95 
R.B. COLUMN DRAIN 
(1 BATCH) TL,-0.019 | 23% 
0.000755 mg DV-3.95 
a -14, 
MISC WASTE Ta \% 710.47 66% 
CAUSTIC WASH FIWAL 
(2 BATCHES ) TL,,-0.0057]| 71% EFFLUENT|2.133 mg 
0.000705 mg DV-12.30 
DY-15.30 


Y 


FIGURE 3.—Schematic diagram showing toxicity of major coke plant wastes discharged 
during an 8-hr. period. 


difficulty in waters of recreational im- 
portance into which this basin drained. 
Bio-assays were made on effluents to 
evaluate contributions of toxicity. The 
results are presented in Table III and 
illustrate how total contributions of 
toxicity can be directly indicated. 


By-Product Coke 


Samples of an effluent from a by- 
product coke plant appeared to vary 
greatly in toxicity. A study was made 
to evaluate the sources of toxicity in 
this plant which did not dephenolize 
its waste. Figure 3 shows the toxicity 


of the various process effluents and 
their contribution to the final effluent. 
A large percentage of the waste toxic- 
ity was contained in several small-vol- 
ume effluents. If other means of dis- 
posal could be found for these process 
effluents, the toxicity entering the re- 
ceiving water would be greatly re- 


dueed. 


Petrochemical 


Samples of effluent from a_ petro- 
chemical plant were found to be highly 
toxic. This discovery led to a careful 
check of process and sewer systems. 
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Certain imperfections in the system 

were found and corrected. Later sam- 

ples indicated that the toxicity of the 

waste had been greatly reduced. 


Metal Wastes 


Bio-assays at a metal separations 
plant determined that one major efflu- 
ent was highly toxie and must be elimi- 
nated from the receiving stream for 
protection of aquatic life. Other efflu- 
ents which made up a larger volume 
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could be released safely, if first mixed 
(lagooned) and released in a regulated 
volume according to stream flows. 
Other uses undoubtedly could be 
found for a bio-assay laboratory to 
make it an increasingly valuable part 
of an industrial waste laboratory. 
While the mechanics of performing 
bio-assays are such that they may be 
performed by other types of investi- 
gators, an aquatic biologist could make 
maximum use of bio-assay results both 
in their interpretation and application. 
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ION EXCHANGE TREATMENT OF INDUSTRIAL 
WASTES * 


By CHARLES 


G. BUELTMAN 


Manager, Industrial Waste Treatment Department, Permutit Company, New York, N. Y. 


Ion exchange in them- 
selves, are not very complicated. The 
selection of an ion exchange resin and 


cesses, 


its ultimate application to a given 
problem does require an_ intimate 
knowledge of the various ion ex- 
changers commercially available. The 


physical characteristics and chemical 
properties of the various exchangers 
should be known in order properly to 
apply the ion exchange process to ac- 
complish the end result desired. 

paper is not an attempt to make 
exchange specialists of everyone. It is 
intended only an introduction to 
some successful applications of ion ex- 
changers to industrial waste problems. 
Emphasis is placed on what may be ac- 
complished by the ion exchange process 
and how to recognize situations in 
which ion exchange might be beneficial 
in solving an industrial waste problem. 


This 
ion 


as 


Development of the Process 
The name of the process is self de- 
fining: the exchange of ions. The ion 
exchange resin, acting as a form of 
catalyst, exchanges one ion for another. 
The first ion exchangers, 
were a natural green sand, 
for water softening. 
ing, 


zeolites, 
employed 
In water soften- 
the zeolite is sodium regenerated 
with brine. When placed in the actual 
softening operation the zeolite will ex- 
change the sodium for the hardness 
ions of caleium and magnesium. 


Ion Exchange Reactions 

Ion exchange reactions for soften- 
ing, with Z representing the zeolite, are 
written : 

* Presented at the 1956 Annual Meeting, 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn.; Chattanooga, Tenn.; 
Sept. 17-19, 1956. 


Softening: 
1 | (HCO;)2 
+ ‘so, _, Ca 
Mg} 
C ls 
2NaHCO; 
+ Na.SO, 
2NaCl 


Regeneration: 


) 
+ 2NaCl > Nad + § }Cl 


Increased Use 

Ion exchange, with the development 
of over 50 various exchange resins, has 
grown far beyond the simple soften- 


ing application employing natural 
green sand. Today, through the use 


of acid regenerated cation exchangers 
and caustic anion 
changers, a highly demineralized water 


may be produced. 


regenerated eX- 
Ion exchange resins, 
applied singly and in various combina- 
tions, can produce many different re- 
sults. 


Requirements 


Ion exchange requires that the chem- 
icals be present in an aqueous solution 
and that they have of 


some degree 


ionization. The higher the degree of 
ionization, the more complete will be 
the exchange and the more economi- 


eally the exchange operation may be 
In addition, all ion ex- 
change reactions must be reversible for 


accomplished. 


continued successful application. Ir- 


reversible reactions are not satisfac- 


tory. 
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Selectivity 


Ion exchangers fall into two broad 
sategories: cation exchangers and 
anion exchangers. Beyond this the de- 
gree of selectivity for various ions is 
extremely limited. 

The selection of an ion exchange 
resin for a given application depends 
primarily upon: (a) the solution to be 
treated; (b) the physical and chemical 
properties of the resin with regard to 
its ability to stand up under continu- 
ous contact with the solution; (c) the 
physical and chemical properties of the 
solution, such as temperature and the 
degree of ionization of the ions to be 
exchanged; (d) the capacity of ex- 
change that may be obtained; and (e) 
the cost of regeneration to obtain the 
capacity desired. 


Applications 


Ion exchangers may be expected to 
serve as chemical purifiers, concen- 
trators, or as a means of recovering a 
valuable chemical presently being lost 
in an industrial waste discharge. The 
best illustration of the accomplishment 
of all three services is the relatively 
recent and much publicized applica- 
tion of ion exchange to metal-finishing 
effluents containing chromic acid. 


Chrome Plating 


To show how ion exchange accom- 
plishes the three services of purifica- 
tion, concentration and recovery, the 
experiences of a midwest chrome plat- 
ing plant which has recently installed 
ion exchange equipment will be consid- 
ered. Recognition of the toxicity of 
chromic acid has caused many environ- 
mental health agencies to enforce re- 
strictions on this type of plant dis- 
charge by limiting the concentration of 
chromic acid to as low as 0.05 p.p.m. 
CrO, on the plant effluent reaching a 
potential source of potable water sup- 
ply. The Midwest chrome plant was 
faced with this problem. 

The chrome plating installation con- 
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sisted of the primary plating cells con- 
taining chromie acid solution at a con- 
centration 2.5 lb. of chromic acid per 
gallon. The plating tanks were fol- 
lowed by still rinse tanks (variously 
called reclaim rinse, dragout rinse or 
save rinse tanks). These contained 
what is essentially a non-overflowing 
rinse used to dilute the chromic acid 
on the parts being processed and to 
recover, to some degree, a portion of 
the chromic acid removed from the 
plating tank for return to the plating 
tank to compensate for dragout, evap- 
oration, and misting losses. 

The still rinse is followed by flowing 
rinses which completely rinse off all 
chromic acid adhering to the part in 
order to avoid or limit staining and 
any post-chemical action that might 
oceur if the part were not thoroughly 
rinsed free of chromie acid. 

The ion exchange installation con- 
sisted of two acid regenerated cation 
exchangers and two caustie regener- 
ated highly basic anion exchangers. 
The flowing rinse waters containing 
chromic acid (generally 100 to 500 
p-p.m. CrO,) were passed first through 
the cation exchangers for metal re- 
moval, thus protecting the anion ex- 
change resin from direct contact with 
metals that might shorten its life. 

The chemical equation for the cation 
exchange reaction, with R representing 
the resin, is: 


H.Cr.0; FeCr.0; 2H-R 
2H.Cr.07 4. Fe-R. (1) 


The metal-free rinse water then passes 
on to the anion exchanger for removal 
of the CrO, radical. This reaction may 
be expressed as: 


H.Cr.0, R-OH amp 
R-CrO; + H.0. . (2) 


The resulting water is free of metal 
and chromic acid and may then be re- 
used for rinsing or discharged safely. 
The chromic acid is recovered when 
the anion exchange unit is regenerated 
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with caustic. This is written: 


R-CrO; + 2NaOH — 
R-OH + Na.Cr.0;. . (3) 


The CrO, is in the sodium form. The 
sodium chromate, Na2Cr.0O;, can be re- 
formed to chromic acid in the cation 
exchanger, where hydrogen, H’*, is ex- 
she 1 f di Na‘, which is 
changed for sodium, Na*, which is ex- 
pressed in an equation: 


Na,Cr.0; + 2H-R— 
2Na-R H.Cr.0;. (4) 


The chromic acid thus recovered in the 
processes indicated in Eqs. 1 through 4 
has been eliminated from the plant dis- 
charge and recovered for re-use. 

Ion exchange is not, however, a cure- 
all. Solving the problem of removing 
the toxic CrO, from the plant dis- 
charge created other problems. The 
cation exchanger is acid regenerated 
as shown by the equation: 


H,80, + 7Nalp 


Na.SO, 
FeSO, + 2H-R..(5) 


Ion exchange regeneration is not 100 
per cent efficient and consequently 
some excesses of regenerant must be 
applied to cause the exchange. There- 
fore some excess free acid must be neu- 
tralized, in addition to the sodium and 
iron sulfate shown in Eq. 5. But the 
ion exchange process has removed a 
toxic constituent, CrO,, from the plant 
discharge and replaced this with a 
non-toxic constituent, SO,, and this re- 
duces the problem to one of simple 
neutralization. 

The concentration service performed 
by ion exchange is also illustrated in 
the treatment of the flowing rinse wa- 
ters. Chromic acid is generally pres- 
ent in the flowing rinse waters at a 
concentration of 100 to 500 p.p.m. 
CrO,. The recovered chromic acid 
(Eq. 4) can be obtained at a concen- 
tration of 3 per cent CrO,, or 30,000 
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p-p.m. CrO,. Thus a 60- to 300-fold 
concentration has been effected. 

The still rinse plating solutions are 
generally at concentrations of CrO, in 
excess of 3 per cent. Thus the anion 
exchanger can serve no useful purpose 
of concentration in treating these solu- 
tions. However, the plating and still 
rinse solutions do present a treatment 
problem. They build up in metallic 
sation content and this affects the ef- 
ficiency and quality of the plating op- 
eration. The metallic cation content 
of the plating or still rinse solutions 
may be removed by the cation ex- 
changer. The plater’s alternative to 
this is to dump a portion of the bath 
and make up with new solution, thus 
reducing the metallic cation contami- 
nant level by dilution. However this 
latter procedure puts chromic acid into 
the plant effluent. The cation ex- 
changer can eliminate the need for 
dumping a portion of the bath. It re- 
places the metallic cations in solution 
with hydrogen (Eq. 1), reforming a 
purified free chromic acid which may 
be re-used rather than discarded. The 
cation exchanger in this instance serves 
as a purifier. 

In this installation a combination of 
ion exchange units serves to: 


1. Recover chromic acid. 
2. Concentrate chromic acid. 
3. Purify chromic acid. 


Ion exchange is serving the dual 
purpose of producing a demineralized 
water for high quality metal finishing 
and also of concentrating wastes for a 
plant located in Florida. In this case 
the well water available to the plant 
contained a high concentration of dis- 
solved solids. In order to produce a 
satisfactory product, demineralization 
of all water used for solution formula- 
tion and rinsing was desired. 

Although the plated parts were 
small, investigation showed that the 
amount of dragout from the primary 
tanks would contribute sufficient cya- 
nide and other toxic constituents to 
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the plant effluents to make treatment 
necessary for an acceptable discharge. 


Demineralization of Water 


lon exchange can be used to demin- 
eralize rinse water effluents from plat- 
ing shop operations, so they may be re- 
turned for re-use as a demineralized 
rinse water. It also can be used to 
demineralize raw water for make-up 
in the closed system to compensate for 
dragout, evaporation, and misting 
losses. 

The waste regenerants from the ion 
exchange equipment contain, not only 
the excess regenerants and raw water 
constituents, but also the various plat- 
ing chemicals, ineluding cyanide, 
rinsed off into the recirculated rinse 
system. The waste regenerants are re- 
tained in properly segregated holding 
tanks for detoxification and pH adjust- 
ment. 

The installation of ion exchange 
equipment in this instance not only 
produced the demineralized water re- 
quired, but also reduced the volume 
of water solutions to be handled from 
approximately 360,000 gal. per week 
to approximately 2,000 gal. per week. 
This greatly reduced volume means that 
the ion exchange equipment is regener- 
ated only once a week, thus reducing 
operator attendance. In addition, the 
volumes and chemical concentrations 
being discharged to the batch-handling 
equipment are uniform. This also re- 
duces the amount of time required by 
an attendant for analytical work. 


Atomic Energy Application 


Ion exchange is finding useful ap- 
plication of its concentration and puri- 
fication services in the atomic energy 
field. Ion exchangers are used to pro- 
duce a high-quality demineralized wa- 
ter for shielding reactors. They are 
also utilized on the various waters used 
in and around the reactor core. These 
waters could contain sufficient dis- 
solved solids which would absorb radio- 
activity and become dangerous to dis- 
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charge to waste. Here ion exchangers 
are used to remove the radioactive 
chemicals from the ‘‘hot’’ water. 
Then, the ion exchange resins may be 
removed for disposal in a compact, 
easily handled package. In some in- 
stances the resins can be regenerated 
rather than disposed of directly. In 
these cases the waste regenerant re- 
quires special handling, but, even when 
this is necessary, the volume of solu- 
tion to be handled has been reduced to 
10 per cent or less of the original vol- 
ume of ‘‘hot’’ water. 


Potential Applications 


Although ion exchange has found its 
greatest usefulness in the metal finish- 
ing phase of industrial waste treatment 
its three prime services of purification, 
concentration, and recovery from di- 
lute solutions can go far beyond this 
in being a valuable aid to the indus- 
trial waste treatment field. 


Determining Factors 


In the consideration of ion exchange 
for application in the treatment of in- 
dustrial wastes, many factors are in- 
volved. Some of these are the follow- 
ing: 


1. Equipment design. 

2. Cost of operation. 

3. Resin selectivity. 

4. The ion being exchanged into so- 
lution in place of the ion being ex- 
changed out of solution. 


Equipment Design 


There are a number of hydraulic 
and chemical considerations which 
must be taken into account. The con- 
ventional use of ion exchangers is by 
pressure percolation of the solution 
being processed through a bed of ion 
exchange material contained in a ves- 
sel suitably designed for proper flow 
distribution. Arrangements must be 
made for proper valving and direction 
of flows. Equipment for preparation 
and handling of the regenerant solu- 
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TABLE I.—Approximate Operating Costs 
of Various Types of Ion Exchangers 


Type of Exchanger Cost ($ per Ib.) 
Sodium cycle cation 3.81 
Hydrogen cycle cation | 7.31 
Weak base anion | 5.80 
Strong base anion 15.25 

tions must also be provided. Tempera- 


ture of the operation must be consid- 
ered as well as the proper hydraulic 
flow design in order to utilize the max- 
imum capacity of the resin. Because 
of limiting diffusion rates through 
films and in the ion exchange resin 
structure, adequate time of contact 
must be assured. 


Cost of Operation 


Ion exchange generally shows up to 
best economic advantage where other 
unit operations, such as evaporation or 
precipitation, fall down. In other 
words, it is most useful in the treat- 
ment of the more dilute solutions. 

Concentration reactions are usually 
involved in the recovery of a valuable 
material from a dilute solution. By 
ion exchange, 1 lb. of regenerant chem- 
ical will often have the same concen- 
tration effect as several thousand 
pounds of steam. However, since re- 
generant consumption is always more 
than that theoretically required by 
stoichiometric chemical relationships of 
the reactions involved, and sinee, in ad- 
dition, labor, amortization, and other 
costs must be borne by the process, 
there is a certain value of chemical be- 
low which ion exchange treatment is 
not economical. For example, it would 
not be economically feasible to concen- 
trate sodium, potassium or iron by ion 
exchange, although they may often be 
removed if the solutions from which 
they are removed are sufficiently valu- 
able. 

A rayon plant is recovering zine 
from hardening bath rinse waters for 
the two-fold purpose of solving a waste 
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disposal problem and recovering the 
zine which may be re-used directly. 
Another large rayon company manu- 
facturing rayon by the euproam- 
monium process uses cation exchange 
to recover the copper as a several per 
cent solution from one containing only 
hundreds of parts per million of cop- 
per. Here also a waste water problem 
is solved while the copper is recovered 
by ion exchange as copper sulfate at 
a several thousand-fold concentration 


higher than in the original waste 
water. 
Approximate operating costs ex- 


pressed as dollars per pound equiva- 
lent of ion removed for various types 
of exchangers are given in Table I. 

Regenerant dosages are generally 
greater than the theoretical chemical 
equivalent of the ion removed or ex- 
changed: 1.5 to 3 times for cation ex- 
changers; 1.25 to 2 times for weak base 
anion exchangers; and 1.5 to 4 times 
for strong base anion exchangers. 

Ion exchange resin replacement is 
normally 5 to 10 per cent of bed vol- 
ume per year. But, since some solu- 
tions contain so-called organic and in- 
organic ‘‘poisons’’ which are adsorbed 
but not completely removed from the 
ion exchanger by the normal regener- 
ating solutions, special restoration pro- 
cedures are sometimes required. These 
are generally effective and inexpensive. 
In some instances, however, the ion ex- 
changers may be permanently ‘‘poi- 
soned’’ and therefore require replace- 
ment more frequently than the rate 
given; seldom oftener than once a year, 
however. 


Resin Selectivity 


As mentioned earlier, the selectivity 
of ion exchangers for given ions is ex- 
tremely limited. Although this is the 
case, cation exchangers generally ad- 
sorb ions preferentially on the basis of 
valence or atomie number; the higher 
the valance or the greater the atomic 
number (smaller hydrated ionic vol- 
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ume) in the following sequence: 


Lithium < hydrogen < sodium 
< ammonium < potassium < silver 
< magnesium < calcium < barium 


< aluminum 


Anion exchanger preference is not so 
clearcut and no hard and fast rule for 
prediction has been developed. Val- 
ence, however, is perhaps the most re- 
liable guide. Cation exchangers are 
generally operated in the hydrogen 
(acid-regenerated) cycle or in the so- 
dium (salt-regenerated) cycle. Anion 
exchangers are operated in the hy- 
droxyl form (alkali-regenerated) or 
salt form (salt-regenerated). No such 
clearcut simple rule of selectivity ap- 
plies to anion exchangers although the 
following sequence has been suggested : 


Fluoride < chloride < bromide 

< iodide < acetate < molybdate 

< phosphate < arsenate < nitrate 

< tartrate < citrate < chromate 

< sulfate < hydroxyl 

The use of ion exchange selectivity 
might be used for separation of ex- 
tremely valuable metals or for analyti- 
eal or preparative chemistry, but it is 
doubtful that selective elution can be 
employed as a plant procedure except 
for separating the most valuable of 
metals. 


Ion Substitution 


If re-use of the solution treated by 
ion exchange is contemplated, consider- 
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ation must be given to the regenerant 
used. This is not serious where an 
acid-regenerated cation exchanger is 
followed by a caustic-regenerated anion 
exchanger. The cation exchanger will 
exchange hydrogen, H*, into solution 
and the anion exchanger will exchange 
hydroxyl, OH-, into solution with the 
production of water. Where an ion ex- 
change resin is to be used singly, or 
where a cation-anion exchange plant is 
regenerated with other than acid and 
caustic, thought must be given to the 
ions being substituted in solution. 
Ions which will be less desirable than 
the ions being removed from solution 
should not be substituted. In chromic 
acid recovery from rinse waters, for 
example, the anion exchanger could be 
regenerated with a chloride and still 
exchange the chromic acid out of solu- 
tion. However, chloride is extremely 
detrimental in chromic acid metal fin- 
ishing work. 
Conclusions 


In addition to the applications of ion 
exchange which have been described, 
there are numerous other processes to 
which this method may be applied. 
These include: sugar refining, recovery 
of metals, fractionation of rare earths, 
recovery of alkaloids, purification of 
various organic materials, manufacture 
of catalysts, modification of milk, sep- 
aration of amino acids, internal use for 
hypertension and stomach ulcers, puri- 
fication of vitamins, and various analy- 
tical procedures. 

There is every reason to believe that 
ion exchange can become a useful tool 
in the industrial waste treatment field. 


PRE-REGISTRATION INFORMATION 


All who are planning to attend the Thirtieth Annual Meeting 
of the Federation in Boston, Mass., October 7-10, 1957, now have 


the opportunity to pre-register. 


This advance registration is being 


offered for the first time in response to many inquiries in former 
years. Complete details are given in this issue of the Journal— 


turn now to page 1092. 
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INDUSTRIAL WASTE CONTROL IN THE GENERAL 
MOTORS CORPORATION * 


By Lynn Davies 


Production Engineering Section, General 


This paper reviews the progress 
made towards the control of water- 
borne industrial wastes in the General 
Motors Corporation. Some of the 
methods and equipment used in the 
waste prevention phase of industrial 
waste control will be detailed. In ad- 
dition, features of treatment facilities 
recently installed at various General 
Motors divisions will be summarized. 

Coincidental with the end of World 
War II, increased interest was ex- 
pressed in the control of industrial 
waste at the General Motors Corpora- 
tion. Since then, many treatment fa- 
cilities have been installed by the vari- 
ous General Motors divisions to pre- 
vent discharge of objectionable wastes. 
This action reflects the concern held by 
most industries in abating water pollu- 
tion. The General Motors central office 
has continually encouraged pollution 
abatement measures in order that the 
corporation may serve the communities 
in which its plants are located by co- 
operating as a good citizen in combat- 
ing water pollution. 

Indicative of this attitude are the 
activities of the General Motors Indus- 
trial Waste Control Committee organ- 
ized in 1945. This committee, com- 
prised of sanitary engineers, chemists, 
plant engineers, chemical engineers, in- 
dustrial hygienists, metallurgists, and 
others concerned with the control of 
industrial waste, maintains an aware- 
ness to the latest developments in the 
field of industrial waste control and 
acts as an advisory group to the cor- 
poration. By working with federal, 


* Presented at the 1957 Annual Meeting, 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf.; Dayton, Ohio; June 19-21, 1957. 


Motors Technical Center, Detroit, Mich. 


state, and municipal agencies, by first- 
hand contact with newly developed 
technical methods and equipment, and 
by disseminating information on new 
advances in the field of waste control, 
this committee endeavors to further the 
use of measures designed to preclude 
water pollution. 


Waste Prevention 


One of the major areas of industrial 
waste control is that of waste preven- 
tion. Preventing waste materials from 
entering the sewers and eventually the 
natural waterways is the most economi- 
eal and most efficient method of indus- 
trial waste control. However, there are 
two areas that are so closely interre- 
lated with waste prevention that it 
often cannot be determined which is 
the motivating factor—these are the 
areas of material utilization and water 
conservation. Water conservation is 
closely tied in to any discussion on the 
subject of waste prevention because 
water, itself, is a material to be con- 
served as well as being the carrier of 
other material whose waste it is desired 
to prevent. Similarly, the complete 
use of materials in plant processes is a 
goal towards which management is con- 
stantly striving. It can be readily seen 
that a reduction in the wastage of wa- 
ter results in a reduction in the quanti- 
ties of waste materials which it carries. 
Also, a method used to prevent waste 
materials from entering the sewers may 
be regarded as a method of material 
utilization since, in many instances, the 
waste material is recovered for use in 
the process where it originated. 

In the strict sense, then, waste pre- 
vention may be defined as the preven- 
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tion of objectionable waste materials 
from entering the sewers and thence 
the waterways. In the larger sense, 
waste prevention may be defined as an 
attitude which requires that material 
resources be conserved. Through the 
application of waste reduction and 
waste recovery methods, the discharge 
of materials that are objectionable 
from a water pollution standpoint is 
prevented insofar as possible. 

Direct advantages of the application 
of waste prevention methods may be 
summarized as follows: 


1. The waste treatment facility may 
be decreased in size or possibly the 
need for such a facility may be elimi- 
nated. 

2. Operating costs are reduced, 
thereby reflecting the smaller quantity 
of treatment chemicals required, the 
reduced volume of sludge to be han- 
dled, and the decreased maintenance 
and operating labor necessary. 


Advantages not directly related to 
the industrial treatment facility may 
be summarized as follows: 


1. More efficient use of materials 
used in manufacturing processes which 
results in cost and material resource 
savings. 

2. The application of waste preven- 
tion methods oftentimes may result in 
a technological improvement. 

3. Water and materials from a proc- 
ess frequently may be returned to the 
process at a higher purity than origi- 
nally. 


Process or Material Substitution 


A change in a process or the proc- 
essing materials often is a major factor 
in preventing waste at the source. In 
some instances the objectionable waste 
may be eliminated entirely, whereas 
in other cases the change may result 
in the substitution of a material re- 
quiring a much lesser degree of con- 
trol. 


cyanide materials, 


To eliminate 
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many General Motors divisions have 
changed from cyanide copper plating 
solutions to acid copper solutions. In 
some installations the cyanide copper 
strike ahead of the copper plating has 
been replaced with a nickel strike. 
Many heat-treat departments have sub- 
stituted carbo-nitriding furnaces which 
use a carburizing atmosphere and am- 
monia gas in place of the common 
molten cyanide baths. 

Many divisions have installed ‘‘shot 
blast’’ or other abrasive equipment for 
use in place of the sulfuric acid pick- 
ling of steel. One division is presently 
using phosphoric acid in place of sul- 
furie acid pickling. This is used with 
a deionizing system so that there is 
little waste acid that requires neutral- 
ization. 

Some divisions use alkaline de- 
rusters in place of the acid solutions 
formerly used for removing light rust 
which oceurred during storage. One 
main feature of this change is the 
elimination of a material which could 
easily have a corrosive effect on piping 
and sewer lines. 

Soluble oils and other short-term 
rust preventive oils applied to parts 
after cleaning have been replaced by 
‘*eold’’ cleaners which are used not 
only as the wash solution but also as 
the rinse solution. These inhibit rust 
chemically rather than by a film of oil 
or grease. The use of vapor rust in- 
hibiting (VRI) materials, not only for 
packaging but also for intraplant and 
interplant shipping, has reduced the 
amount of oily materials used for 
short-term protection from rust. 


Modification of Materials 
or Solutions 


Sometimes it is possible to reduce or 
eliminate the objectionable component 
of a material or solution. For exam- 
ple, cleaners containing small amounts 
of chromate salts have been used to 
impart a degree of rust protection to 
cleaned parts. By working with the 
suppliers of these cleaners, some di- 
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visions have successfully eliminated the 
chromate component and have success- 
fully used the reformulated non- 
chromate cleaner. Another example 
is the reduction in the concentration of 
a chromium plating solution from the 
normally used 32 oz. per gallon to 26 
oz. per gallon. This reduction in con- 
centration results in a lowering of the 
drag-out of the material. 

Although not directly related to the 
waste prevention aspect of industrial 
waste control, it may be noted that 
some compounds have been found to 
interfere with certain waste treatment 
methods. In such instances either re- 
formulation of the material or a redue- 
tion in the concentration used may re- 
move this interference. 


Extension of Solution Life 
There are many solutions being used 
in manufacturing processes which as 
yet have not lent themselves to proc- 
ess substitution or modification. Inso- 
far as possible, these solutions should 
be maintained in a closed system. The 
first step in maintaining a satisfactory 
closed system is to extend the useful 
life of the materials prior to dumping 
of the solution. Methods used to ex- 

tend the life of solutions include: 


1. Removal of suspended organic 
and inorganic impurities which affect 
normal operation. 

2. Prevention of bacterial action. 

3. Removal of chemical products re- 
sulting from either the reaction of the 
processing solution on the parts or 
through normal decomposition. 

4. Removal of ‘‘foreign’’ ions. 

5. Solution control. 


There are many examples which 
report the successful application of 
filtration, electrolytic purification, car- 
bon treatment, ion exchange, close lab- 
oratory control of solutions, and other 
methods used to extend the life of 
solutions. 

Electrolytic purification is used for 
removing foreign metallic ions from 
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plating baths. In an auxiliary tank a 
low current is passed through the solu- 
tion as it flows from the plating tank. 
Metallic impurities plate out on the 
cathode and are thus removed from 
the plating solution. 

Normally, ‘‘carbon treatment’’ has 
been employed to remove organic con- 
taminants and break-down brightener 
products used in plating solutions. A 
major advancement has been the use 
of a carbon-pack in the filtering units 
used to remove suspended impurities. 
This reduces the solution loss usually 
experienced when the entire volume of 
plating solution is carbon treated. 

The addition of bactericides to solu- 
ble oil solutions greatly inereases the 
solution life. It is common practice to 
purchase soluble oils with the bacteri- 
cides added. Some divisions maintain 
a constant check on the bacterial con- 
tent of the solution and add _ bacteri- 
cides when required. 

Currently the use of chelating 
agents, which bind interfering ions so 
that they have no effect in the proc- 
essing solution, has received some in- 
terest. 

A major trend has been evidenced in 
recent years toward the use of central 
systems where large reservoir tanks 
supply the solutions to the various ele- 
ments of the manufacturing process 
involved. The solution is returned to 
the reservoir and recycled. Usually 
filtration and _ other  life-extending 
methods are applied to the recycled 
Examples are the water 
wash systems used in spray booths and 
the centralized systems used for ecut- 
ting and grinding fluids. The over-all 
life of the solution is extended while 
at the same time the waste resulting 
from multiple waste removal and 
treatment is eliminated. 


solutions. 


Effective Rinsing 
Effective rinsing methods in those 
processes where rinses are used (Fig- 
ure 1) constitute a second step in main- 
taining a closed process system. 
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FIGURE 1.—Rinsing and drainage of parts. 


One approach in obtaining effective 
rinsing illustrates how proper rinsing 
combined with slight modification to 
the process equipment can accomplish 
a reduction in the volume and content 
of rinse solutions. The initial step 
was to alter the mechanics of a plating 
conveyor so that the plating racks 
would be withdrawn from the solution 
two stations before transfer from the 
tank. This change achieved maximum 
drainage from the parts directly into 
the plating tank. Water sprays were 
installed which spray the racks as they 
emerge from the plating bath. The 
volume of spray is controlled by auto- 
matic timers so that the total spray 
volume does not exceed the loss of 
water by evaporation. 

The use of ‘‘reclaim’’ rinses follow- 
ing plating baths is common practice. 
In this type of rinse tank there is no 


influx of water. The rinse is a ‘‘still’’ 
rinse becoming more and more concen- 
trated as the drag-out from the plating 
bath increases the material content. 
The reclaim rinse, together with good 
use of drain boards draining back into 
the process tank, is of value in con- 
centrating the major portion of the 
solution carried out with the work. 
The use of counter-flow or counter- 
current rinsing is good practice. In 
this method two or more tanks are used 
in series for rinsing. The rinse water 
added enters the tank farthest away 
from the process tank and flows coun- 
ter-currently from tank to tank. Thus 
by using this method of rinsing, parts 
receive a final rinsing with the cleanest 
water in the last rinse. This method 
ean be practiced not only in plating 
systems but in any process which em- 
ploys rinsing. Greatly diminished 
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quantities of water are needed when 
this method is used. 


Recovery of Materials 
The recovery of materials is another 
important step in maintaining a closed 
process system. 
Many methods are being utilized by 
various General Motors divisions in the 
recovery of materials from waste solu- 


tions. Jon exchange systems have 
many applications, such as the previ- 
ously mentioned use with a phosphorie 


acid bath which replaced a conven- 
tional sulfuric acid pickle. Another 
division is using ion exchange to re- 
cover the acid copper plating solutions, 
the nickel plating solutions, and the 
chromium plating solutions. In addi- 
tion to the material savings, this sys- 
tem conserves approximately 600,000 
gal. of water per month. The deion- 
ized water is ideal for boiler feed re- 
quirements and is used without further 
treatment. Approximately 30 _ per 
cent of the boiler water make-up is 
supplied from this source. 

In acid copper plating, the concen- 
tration of copper sulfate increases due 
to the oxidation of the cuprous sulfate 
present in the bath. De-plating tanks 
located adjacent to the main plating 
bath are used to remove the excess 
copper by plating electrolytically, us- 
ing used copper anode slivers or 
‘‘swords’’ as cathodes. This method 
precludes the dumping of a portion 
of the solution in order to bring the 
bath into balance. 

Vacuum evaporation may be consid- 
ered standard procedure in the re- 
covery of concentrated chromium plat- 
ing solution from chromium plating 
rinses. Evaporators are used also in 
the recovery of copper and_ nickel 
plating materials. Usually the waste 
solution is passed through a cation ex- 
changer to remove the metallic im- 
purities prior to evaporation. 

It is of interest to note that at least 
one division is using an atmospheric 
evaporator. The feature of this type 
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of evaporator is that the organic 
brighteners and anti-pit wetting agents 
do not have to be removed prior to 
evaporation. 

A recovery system may combine sev- 
eral prevention methods in the recov- 
ery of materials. Typical of such a 
combination is a system employed in 
the recovery of chromium plating solu- 
tion. The chromium plating tank is 
followed by a drip board which returns 
the solution to the plating tank and 
four rinse tanks. Counterflow rinsing 
is used in conjunction with air agita- 
tion. The solution from the first rinse 
tank is pumped to a holding tank, then 
through a cation exchanger to a vac- 
uum evaporator. The concentrated 
solution is returned directly to the 
plating tank while the condensate is 
returned to the final rinse tank. One 
benefit of this closed system is the use 
of demineralized water in rinsing. 
The demineralized water, which is free 
of dissolved solids, eliminates the diffi- 
culty previously encountered with wa- 
ter stains due to the high dissolved 
solids content in the water used. 

Other recovery systems include the 
usual methods used for the recovery of 
oils and solvents as well as paint over- 
spray. 


Maintenance and Accidental Spills 


Effective maintenance of equipment 
plays an important part in waste pre- 
vention through reduction in the loss 
of objectionable materials. Similarly, 
adequate safeguards against accidental 
spills will prevent the discharge of ob- 
jectionable wastes. 


Typical Treatment Facilities 


Although waste prevention methods 
are vigorously employed in the Gen- 
eral Motors divisions, there remains a 
considerable volume of industrial waste 
solutions which are treated to remove 
the objectionable materials. Recently 
completed facilities for the treatment 
of industrial wastes have been installed 
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at the AC Spark Plug Division, Flint, 
Mich., the Buick Motor Division, Flint, 
Mich., the Pontiae Motor Division, 
Pontiac, Mich., and the Ternstedt Di- 
vision, Columbus, Ohio. 


AC Spark Plug Division 

The AC Spark Plug Division has in- 
stalled a new treatment plant to handle 
wastes from its Flint, Mich., manu- 
facturing plant. This treatment plant 
operates 24 hr. a day, seven days a 
week, clarifying approximately 2.5 
m.g.d. of water containing oils, metallic 
compounds of copper, nickel, zine, and 
chromium, cyanides, acids, and alka- 
lies. For treatment purposes these 
wastes are segregated as oily wastes, 
metallic wastes, and cyanide wastes 
and pumped to separate collection 
basins. 

The pH of the metallic waste solu- 
tion is reduced to 3 by the addition 
of sulfurie acid, automatically con- 
trolled by a pH unit. Sodium metabi- 
sulfite is automatically added as neces- 
sary to reduce the hexavalent chro- 
mium content to trivalent chromium 
as indicated by O-RP control. Cya- 
nide solutions are treated with sodium 
hypochlorite. 

Oily waste solutions are treated with 
ferrous sulfate and sulfurie acid, to- 
gether with the acid effluent resulting 
from the treatment of the metallic 
wastes. This accomplishes an initial 
‘*break’’ of the soluble oils. 

The effluent from these treatment 
processes flows by gravity to a 320,000- 
gal. concrete clarifier 70 ft. in diam- 
eter. Oil is skimmed from the surface 
while sludge is discharged periodically. 
The clarifier effluent flows to a final 
clarifier where ferrous sulfate and lime 
are added together with a coagulant 
aid. The clarified effluent is dis- 
charged to a nearby creek. 


Buick Motor Division 


The Buick Motor Division at Flint, 
Mich., has installed a treatment system 
(Figure 2) for oily wastes resulting 
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from its manufacturing operations. 
The collection and transfer of these 
oily wastes from widely separated 
buildings presented a problem because 
the manufacturing buildings are _lo- 
cated on a narrow strip of land two 
miles in length. The oil-containing 
solutions flow by gravity to sumps in 
each plant. From the sumps the solu- 
tions are pumped to several pick-up 
stations where they are pumped to the 
holding tanks in the waste treatment 
facility. 

Each of the two holding tanks has a 
capacity of 750,000 gal., which is 
equivalent to a 24-hr. holding time. 
Skimmers remove the floating oil and 
scrapers remove the sludge. The oil 
removed from the holding tanks is 
transferred to two underground reser- 
voir tanks constructed with conical 
bottoms which aid in removing water. 
The salvaged oil has been burned on a 
trial basis in the forge plant. Tests 
are being made to determine if it is 
satisfactory for use as cutting oil after 
blending with oil additives. 

The oil-containing solutions from the 
holding tanks now consist primarily of 
soluble oils. The tank contents are 
metered into mixing tanks; from there 
they flow by gravity through the treat- 
ment processes. Acid, including spent 
acid solutions from manufacturing 
processes, is added and the solution 
flows to the primary clarifier where an 
initial break is accomplished. 

In the final clarifier coagulants such 
as aluminum sulfate, ferrous sulfate, 
ferric sulfate, and activated silica to- 
gether with a non-ionic organie coagu- 
lant aid are added. Oil is skimmed 
from the final clarifier and the sludge 
is transferred to sludge settling tanks. 
Although sludge drying beds are avail- 
able for use, the settled sludge nor- 
mally is removed by the use of vacuum 
filters. 


Pontiac Motor Division 


The treatment plant at the Pontiac 
Motor Division, Pontiac, Mich., is an 
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FIGURE 2.—Clarification equipment for treating oily wastes. 


extensive system that replaces treat- 
ment facilities located in the various 
manufacturing plants. There are six 
separate influent waste fol- 
lows: (a) strong cyanide wastes, (b) 
dilute cyanide wastes, (c) strong me- 
tallic wastes, (d) weak metallic wastes, 
(e) alkali-acid wastes, and (f) alkali- 
oily wastes. Each influent line flows 
into two holding tanks; each tank has 
a volume equal to the entire flow of one 
operating day for the specific waste. 
The entire system is based on the 
ability to treat the contents of one 
holding tank in 16 hr. 

Each of the 12 holding tanks has a 
mixer unit to maintain a homogeneous 
solution. From the holding area the 
waste solutions flow to the respective 
treatment units which are grouped as 
close as possible to the operating build- 
ing. All electronic control and moni- 
toring equipment is located in a cen- 
tral control room. All equipment with 
the exception of the mixers is housed 
in this building. 

The strong cyanide wastes are added 


lines as 


in small quantities to the dilute cya- 
nide wastes. These are treated by the 
alkaline chlorination method using 
chlorine gas. Liquid chlorine is piped 
directly from a tank car to the evap- 


orators and then injected into the 
wastes. 

After treatment the solution is 
pumped to three polishing tanks. 


These tanks serve as intermediate hold- 
ing tanks to insure that the treatment 
has been completed. If, for some rea- 
the solution requires additional 
treatment, it is returned to the main 
holding tank; otherwise the solution 
is pumped to a final clarifier. 

Alkali-acid flow from the 
holding tank to a mixing tank where 
acid or alkali is added automatically to 
maintain the effluent within the desired 
pH range. 

Strong metallic wastes (principally 
chromium-containing solutions) are 
added in small quantities to the weak 
metallic wastes and treated by the re- 
duction of hexavalent chromium to tri- 
valent chromium with sulfur dioxide. 
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Alkali-oily wastes from the manu- 
facturing area are piped to a primary 
clarifier where the free oil is skimmed 
and the solids are removed. From the 
clarifier the effluent flows to the two 
holding tanks in this system. From 
the holding tanks the oil-containing 
solutions flow to an oil-flotation unit 
where air and coagulants are used. 
The effluent from the oil-flotation proc- 
ess flows to a final clarifier while the 
oil-eontaining floc is removed and de- 
watered on vacuum filters. 

The final clarifiers receive the efflu- 
ent from the treatment processes and 
serve as a final point of clarification 
prior to discharge of the wastes. 


Ternstedt Division 


The Ternstedt plant at Columbus, 
Ohio, has enlarged its waste treatment 
facilities in order to handle wastes 
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from the addition of plating operations 
and fabricating equipment. 

Three lines bring the wastes from 
the manufacturing area to the treat- 
ment system. The wastes are segre- 
gated as process wastes consisting pri- 
marily of oily solutions, cyanide rinse 
wastes, and chromium plating rinse 
wastes. The chromium-containing 
rinses are recovered by vacuum evap- 
oration. Cyanide wastes are treated 
by the alkaline chlorination method. 
The oil-containing solutions are treated 
by air flotation. 

A final clarifier is used to further 
process the waste effluents. Part of the 
final effluent is used in the waste treat- 
ment facility for chemical mixing, still 
condenser cooling, and washing down 
operations. Approximately 12,000,000 
gal. of waste solutions are treated each 
month. 
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FIGURE 3.—Central control panel for the surveillance of waste treatment operations. 
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FIGURE 4.—Incineration equipment for 
destroying cyanide. 


Control of the waste treatment units 
is facilitated by having all electric con 
trols, indicators, and alarms 
located in a central control room (Fig- 
ure 3) under the constant surveillance 
of the waste treatment plant operator. 


meters, 


Detroit Diesel Engine Division 


At the Detroit Diesel 
vision, Wayne, Mich., cyanide skim- 
mings and residues from molten salt 
baths used in heat treatment have been 
successfully destroyed by incineration. 
Although cyanide destruction by incin- 
eration is not new, the application of 
this method was an outgrowth of an- 
other waste disposal problem. 

An incinerator was originally de- 
signed and constructed to dispose of 
waste flammable liquids. The high 
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temperature and heat resulting from 
the burning of such wastes led to the 
use of the incinerator (Figure 4) as a 
means for destroying cyanide. A tum- 
bling barrel filled with scrap steel was 
used to pulverize the cyanide salts. 
Initially the powdered cyanides were 
mixed with waste solvents and burned 
by injection into the fuel supply sys- 
tem. It was found that 1.5 lb. of solids 
could be burned per gallon of waste 
solvent. 

Recently: the solid cyanides have 
been pulverized and injected into the 
secondary air supply. An air filter is 
used to prevent accumulation of mois- 
ture which causes agglomeration of the 
particles with resultant plugging of 
the lines. The cyanides are burned to 
destruction by direct injection into the 
retort. At temperatures in excess of 
3,000° F., complete combustion is ac- 
complished within the retort length of 
6 ft. Using this method, approxi- 
mately 3 lb. of waste cyanides can be 
incinerated per gallon of fuel. , 

Tests of stack indicated that 
no volatile cyanide was emitted beyond 
the rim of the retort. Cyanide salts of 
metals which would sublime and form 
toxie mists cannot be incinerated with 
this system 


gases 


Conclusion 


A full awareness of industrial waste 
control through waste prevention is be- 
coming more and more apparent among 
industries, large and small. Not only 
is waste prevention important as a 
protector of water resources, but in 
many instances it is an economic asset. 


Acknowledgment 


Members of the General Motors In- 
dustrial Waste Control Committee 
made valuable contributions to this 
paper, particularly Messrs. R. Jordan, 
S. J. Harger, R. J. Brink, A. J. D’- 
Orazio, G. J. O’Kane, T. J. Fadgen, 
and ©. T. Gruner. 


4 
Fy 
: te 
4 
). 
be 


TREATMENT OF PETROCHEMICAL WASTES AT 
PORT LAVACA, TEXAS * 


By R. L. Wrieutr 


Department Head, Water Treating and Waste Disposal Utilities, Union Carbide 
Chemicals Company, Port Lavaca, Teras 


This paper describes the water and 
waste treatment facilities that Union 
Carbide Chemicals Company provided 
for their Seadrift petrochemicals 
plant at Port Lavaca, Texas. Included 
with the deseription are comments on 
the experiences with this equipment 
after approximately 18 months of op- 
eration. 

The waste disposal department was 
fortunate in having a management 
that took so much interest in providing 
a complete system of waste treatment. 
The predicted waste from the initial 
plant was considered fully. Adequate 
space was also allotted for expansion. 
This space appears to be flexible 
enough so that a variation in the type 
of treatment can be made. An ac- 
tivated sludge system, a trickling filter, 
and/or aeration units can be fitted into 
the present layout as the need arises. 


Water Supply 

The water supply is so intricately 
tied in with the waste system that a 
description of both is required to ob- 
tain a complete picture. One of the 
factors affecting the decision to con- 
struct the plant at its present location 
was the availability of water. The 
Guadalupe River was considered as 
one of the few consistently flowing 
streams of Texas. Of course, the first 
summer of operation revealed a con- 
sistent but low flow. 

On the Guadalupe River, at a point 
below the entrance of the San Antonio 


* Presented at the 1956 Annual Meeting, 
Texas Water and Sewage Works Assn.; Col- 
lege Station, Texas; March 5-9, 1956. 
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River, is located the upper river intake. 
By a series of constructed canals and 
natural bayous, the water is diverted 
seven to eight miles to the Goff Bayou 
pump station. An alternate route 
exists by a continuation of the river 
flow into Mission Lake through three 
openings. From Mission Lake a re- 
verse flow may be developed and water 
ean be received at the Goff Bayou 
pump station. <A salt water barrier 
was constructed in Goff Bayou just 
downstream from the pump station to 
guard against salt water encroachment. 
The water intake and pumping plant 
were procured from the West Side Cal- 
houn County Navigation District. 

The original application of this sys- 
tem was for the Navigation District’s 
irrigation supply. It is still used as 
such. However, Union Carbide Chem- 
icals Company operates the pumping 
station. The plant cooling water sup- 
ply is based on the possibility that a 
portion of the irrigation water may be 
diverted through the plant for cooling. 
This water then could be made avail- 
able for irrigation. 

The bayou pumps take suction from 
Goff Bayou and discharge into the irri- 
gation canal that runs along the south 
property line. An intake canal directs 
water to the basin pump station. Wa- 
ter may be pumped into either of two 
basins. Storage in the smaller basin is 
for the select water to be used for 
boiler feed and domestic purposes. 
The larger basin acts as a reservoir for 
cooling water. Each of these basins 
has gravity feed lines to their respec- 
tive pump stations. 

The water treatment plant equip- 
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ment consists of two up-flow recircu- 
lating sludge clarifiers followed by 
rapid flow sand gravity filters. <A 
clearwell acts as the reservoir for the 
domestic water supply and the treated 
water supply for the steam plant. All 
of the hardness is removed from the 
water by ion exchange before being 
used as boiler feed. 

Cooling water pumpage has a more 
direct effect on water-borne waste. 
This water may be returned to the ir- 
rigation canal for rice farming, re- 
eycled back into the main reservoir, or 
directed into the plant waste effluent 
ditch. The existing water system was 
designed for through”’ 
tion. An extensive test 
been undertaken to 
present system 


opera- 
program has 
determine if the 
be adapted to a 
Preliminary results are 


may 
closed cycle. 
encouraging. 


Waste-Water System 


The plant waste effluent ditch re- 
ceives all of the sewage with the excep- 
tion of the storm flow. The production 
areas are graded to drain spillages, 
storm water, and fire water into the 
process sewer. It is only the outlying 
areas that are drained to the storm 
sewers. Such drainage is collected in 
a separate underground system that 
discharges into Goff Bayou upstream 
from the pump station. No contamina- 
tion is permitted to enter these lines. 
Besides the storm and the 
cooling water return, there are three 
additional underground sewer systems. 
The sanitary sewage flows to a separate 
treatment unit, the process wastes flow 
to another treatment unit, and the con- 
taminated process sewer feeds still an- 
other treatment system. 


sewer 


Information 
indicated that better control and treat- 
ment were possible by separation of 
these sewer streams. 

3y separating the storm sewer and 
the process sewer, there are no periods 
of extreme overloading due to heavy 
rains. Separation of the sanitary and 
sewers permits 
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treatment of the wastes and the end 
products are more acceptable to final 
disposal. There are other streams that 
could not be improved by either of 
these methods. As a result of pre- 
liminary work the contaminated sew- 
age is collected separately. 

The collection systems, with the ex- 
ception of the cooling water return and 
the contaminated sewage, are gravity 
flow. Sufficient manholes and clean- 
out plugs were installed so that any 
section of the lines can easily be 
reached. The manholes are constructed 
so that a liquid seal is maintained on 
all downstream piping to isolate each 
section. Any gas or fire that may 
occur in a sewer will be confined to one 
section rather than spread throughout 
the entire collection system. 


Sanitary Wastes 


The sanitary waste unit is typical of 
a small community system. It is a 
packaged activated sludge unit and has 
been satisfactorily handling the 
mestic waste load. Only commodes, 
drinking fountains, showers, wash 
rooms, and the plant cafeteria are con- 
nected to this system. Design of the 
unit was based on a community ¢a- 
pacity equivalent. The solids load, 
however, is less than one-half that ex- 
pected from a town of equal size. The 
average B.O.D. of the flow entering the 
plant is 40 p.p.m. and the effluent is 3 
p._p.m. There has need to 
pump digester sludge since the unit 
was placed in operation. Additional 
space has been allotted for a duplicate 
treatment unit to handle plant expan- 


do- 


been no 


sion, although it appears that such 
duplication will be unnecessary. 
The influent enters the wet well 


through a bar screen and/or comminu- 
tor. The lift station is equipped with 
the two lift pumps and space is pro- 
vided for an additional pump. After 
a minimum of a 1-hr. detention in the 
primary sedimentation tank, the sew- 
age flows to the aerator-clarifier unit. 
This packaged unit provides for ac- 
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tivated sludge treatment and clarifica- 
tion. Detention time is 2 hr. A sepa- 
rate sludge digester and drying beds 
complete the treatment facility. 

This unit has operated with little 
operator attention. Two checks are 
made during the day shift to observe 
the aeration cycle and the chlorination. 
One check is made on each evening and 
midnight shift to see if the lift station 
operation is satisfactory. All analyti- 
cal testing is done in the laboratory of 
the waste disposal department. 


Process Wastes 


As indicated previously, the process 
sewer carries wastes which may or have 
come in contact with materials of pro- 
duction. Every effort is made to re- 
move the last traces of material before 
sewering of process water. Sewage 
volumes are held to a minimum by re- 
turning as much of the process water 
as possible for other uses. 

The process wastes are clarified and 
chlorinated prior to discharge. A bar 
screen removes large particles of trash 
from the influent that may damage 
subsequent treatment equipment. Grit 
removal takes place in a hoppered sedi- 
mentation unit equipped with a screw 
conveyor and bucket lift. From the 
grit chamber the sewage is pumped by 
two 1,000 g.p.m. pumps and one 4,000 
g.p.m. pump to two clarifiers operating 
in parallel. During a 2-hr. retention 
period the oil rises to the surface where 
it is skimmed for removal in a small 
A.P.I.-type separator. The sludge 
from the water treatment unit makes 
up part of the process sewage and aids 
materially in the final clarification of 
this waste. The process effluent from 
the clarifiers is chlorinated before dis- 
charge to the plant waste effluent ditch. 
All flow from the clarifiers through the 
chlorination chamber and into the 
ditch is by gravity. 

The process wastes may follow either 
of two paths. Usually, the valves are 
set so the small pumps discharge 
through the treatment system. The 


large pump discharges into a 300,000- 
gal. holding reservoir. This arrange- 
ment avoids overloading the treatment 
unit when heavy flow is experienced. 
When the flow is normal, the holding 
reservoir may be drained into the lift 
station at a rate that will not exceed 
the rate of optimum treatment. The 
reservoir can be used to collect spills 
from one of the manufacturing areas. 
Special treatment may then be em- 
ployed. If the contamination is low, 
a slow blending with the normal waste 
makes it possible to keep from over- 
loading the receiving body of water. 

The sludge collection system was de- 
signed for automatic periodic pump- 
ing, based on a time cycle. It was 
found that the dewatering rate on the 
drying beds was not fast enough for 
drying. One of the three drying beds 
has been excavated to store concen- 
trated sludge. Pumping periods are 
determined by the solids carry-over 
into the clarifier. An earthen reser- 
voir, with compacted walls, is being 
used as a final disposal place for the 
sludge. Oil field type vacuum trucks 
do the hauling from the treatment 
area. 

There are facilities at the lift sta- 
tion for installing additional lift 
pumps. Sufficient space and tie-in 
points have been provided for four ad- 
ditional clarifiers and the present chlo- 
rinator capacity can be doubled. 


Results 


As the flow progresses through the 
grit chamber about 50 lb. per day of 
grit is removed by the detritor. About 
80 per cent of the oil and 90 per cent 
of the suspended matter are removed 
by the clarifiers. A reduction in 
C.O.D. of 5 per cent also results in this 
phase of treatment. No great C.O.D. 
or B.O.D. reduction has been detected 
by chlorination. However, a residual 
of 1 p.p.m. is maintained in the effluent 
to produce a bactericidal and oxidizing 
effect in a liquid stream, that is other- 
wise devoid of oxygen. 
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Lagoon Experiences 


Experience with similar production 
facilities at other plants indicated that 
the Seadrift plant would have two 
streams of wastes relatively high in 
organic load. Initial planning pro- 
vided a separate collection system for 
these wastes. The Texas City plant 
had experienced good results by la- 
gooning similar wastes. A series of 
three earthen basins were provided at 
Port Lavaca to develop the bacteria 
required to stabilize the predicted or- 
ganic material. 

Oils of both greater and 
density than water are emulsified with 
the inorganie solids in this 
stream. A small receiving basin pro- 
vides a holding time sufficient to break 
the emulsion. The light oils that col- 
lect at the surface are burned. The 
heavy oils and solids are withdrawn by 
vacuum truck. <A larger holding basin 
follows the receiving basin. It is in 
this holding basin that the acclimatized 
flora and fauna consume the major 
portion of the remaining organic mat- 
ter. No seeding of this area was neces- 
sary to develop the strains of bac- 
teria that were capable of attacking 
the waste. To avoid short circuiting in 
the holding basin a discharge basin was 
integrated with the other two basins. 
$y means of a baffle wall and sub- 
surface drainage, the lagoon effluent 
was protected against channel forma- 
tion that might affect its 
quality. 

Originally, the lagoons accomplished 
a 96 per cent C.O.D. and a 99 per cent 
B.O.D. removal. <A healthy-appearing, 
odorless aerobic effluent was the result. 
Since this time, the basins have been 
overloaded for a period and anaerobic 
conditions have  oceurred. Under 
heavy loads, 75 per cent of the C.O.D. 
and 95 per cent of the B.O.D. were re- 
moved. B.O.D. removal approaches 
$100 lb. per acre per day. The effluent 
is slightly murky but the volumes in- 
Additional 
area and improved methods of 
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dling the sludge are now in operation 
Recovery of the lagoons to their origi- 
nal state appears likely. 

A new set of lagoons has recently 
been completed to handle the washings 
and waste flow from the shipping area. 
Detergents and shipping spillage will 
be collected in a sump and pumped to 
the lagoons. It is predicted that all of 
the materials that will be sewered from 
shipping operations can be consumed 
by an acclimatized bacteria developed 
from naturally occurring species. 
Present plans are to handle most fu- 
ture waste disposal problems by the 
lagoon method. 


Effluent Ditch 


The plant waste effluent ditch re- 
ceives the process sewer effluent, the 
sanitary sewer effluent, the lagoon ef- 
fluent, the intake screen washings from 
the basins, and, on occasion, the plant 
cooling water return. The ditch is 
sized to earry flows in excess of 100,000 
g.p.m. Normal flows range from 1,000 
to 60,000 g.p.m. At times when only 
the sewer units are discharging into 
the ditch, the flow is approximately 
1,000 g.p.m. When cooling water is in- 
troduced this flow may approach the 
higher rate. 

It has been a practice to allow some 
cooling water to flow to the ditch to 
dilute the sewer effluents. A period of 
anaerobic condition occurred when 
only the oxygen-void process sewer ef- 
fluent introduced into the 
ditch. Chlorination of the wastes and 
dilution with cooling water alleviated 
this condition. 

The ditch progresses down the side 


was being 


of the water basins to the bayou dis- 
charge weir. A siphon was installed 
to transfer the small volume flows, dur- 
ing periods of greatest waste concen- 
tration, under the bayou to a ditch that 
discharges into Lake. This 
ditch has a pump installed to predilute 
the sewage with bayou water at a ratio 


Mission 


of about 5 to 1. 
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Plant Operations 


Even with a wastes treatment system 
as diversified as the one at the Sea- 
drift plant, good results cannot occur 
from uncontrolled production prac- 
tices. Investigation and education are 
the two methods of control used. The 
first method involves the study of units 
to locate the cause of contamination. 
With top management behind these in- 
vestigations, correction is only a matter 
of time. When the department head 
responsible is fully aware of the prob- 
lem, his cooperation is assured. 

Cooperation may be obtained by a 
continuous educational effort. Peri- 
odie discussions with plant personnel 
who control areas of possible contami- 
nation point out the problems that 
arise in attempts to treat a particular 
waste. Reasons for maintaining treat- 
ment must also be discussed. After de- 
scribing the effects untreated wastes 
can have on a body of water, those con- 
cerned with waste production are eager 
to help. 

An educational program cannot be 
confined to the department heads. The 
mechanic who pours waste oil in the 
sewer, an operator who detects leaks 
but does not devote immediate atten- 
tion to the trouble, and the laboratory 
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technician who dumps samples down 
the drain—all must be informed as to 
the problem. Posters, talks to the 
plant hunting and fishing clubs, and 
reminders in the plant paper will bring 
results. 

The waste disposal department at 
the petrochemical plant has a special 
laboratory with a graduate chemist di- 
recting the analytical work and plan- 
ning. Most types of water and waste 
disposal analyses are done in the lab- 


oratory. Future plans include a lab- 
oratory trickling filter and _ other 
bench-size treatment units. 

Before the manufacturing plant 


went into operation a biological survey 
was made of the original condition of 
Mission Lake. At the same time di- 
atometer stations were activated and 
are still in operation. These steps were 
taken to make it possible to determine 
if adverse changes were occurring be- 
fore the level became critical. A sur- 
vey of San Antonio Bay is made twice 
each year to study the shrimp and 
oyster population and water condi- 
tions. This is a cooperative venture 
between Union Carbide Chemicals 
Company and the Victoria plant of 
E. I. du Pont de Nemours. The only 
changes in the bay area noted to date 
have been those developing naturally. 


SAFETY IN SEWAGE TREATMENT 


Recent increased interest in the safety of personnel engaged in 
the operation and maintenance of water and sewage works has 
resulted in a temporary depletion of Federation Manual of Prac- 
tice No. 1, ‘‘Oceupational Hazards in the Operation of Sewage 


Works.’’ 


The Safety Committee of the Federation, under the chairman- 
ship of John J. Wirts, is actively engaged in the preparation of a 


revised and up-to-date manual. 


1957 or early in 1958, 


Publication is expected late in 


4 
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PENNSYLVANIA MILK WASTE TREATMENT 
METHODS * 


By ©. 


SIEBERT, JR. 


Chemical Engineer, Pennsylvania Department of Health, Harrisburg, Pa. 


Aeration-Type Works 


Four or five years ago one of the 
most controversial issues in the field of 
milk waste treatment was the question 
of whether or not an aeration-type 
milk waste treatment works was ¢a- 
pable of oxidizing milk solids com- 
pletely. The question became impor- 
tant when, for the first time, a number 
of treatment plant designs were de- 
veloped which did not provide di- 
gesters or any other means for dis- 
posing of sludge. When it was demon- 
strated, on a laboratory scale, that 
complete oxidation of dairy waste 
sludge to water and carbon dioxide 
was possible, the matter of whether or 
not this method was capable of prac- 
tical and economical application be- 
came almost equally controversial. 

In the past several years a number 
of variations of the aeration-type milk 
waste treatment works have been de- 
veloped and placed in operation. 
From observations of a number of these 
variations it seems to be safe to draw 
the following conclusions: 


1. Complete oxidation of sludge to 
water and carbon dioxide, while theo- 
retically possible, has limited practical 
application because of the fact that the 
use of this method leads to the oe- 
currence of frequent plant upsets. 

2. The problem of providing suffi- 
cient air and energy to ensure com- 
plete oxidation is such as to make the 
method economically feasible only at 
the smaller dairy plants. 


* Presented at the 1956 Annual Meeting, 
Pennsylvania Sewage and Industrial Wastes 
Assn.; University Park, Pa.; Aug. 29-31, 
1956. 


Continuous Versus Batch Process 


If there is any real advantage in fa- 
vor of either the flow-through type of 
plant or the batch-type of plant, such 
knowledge would be of considerable 
value. To date, engineers of the Penn- 
sylvania Department of Health have 
not been able to form a final opinion on 
this point for the reason that there 
have been no commercial batch-type 
treatment plants constructed in Penn- 
sylvania upon which they could con- 
duet efficiency tests and learn the tem- 
per of the process. 

It appears that the batch process, 
in its present form, is unable to ac- 
complish regulated discharge to the 
receiving stream and, for this reason, 
it is at a serious disadvantage. 


Sludge Digesters 


In the design of milk waste treat- 
ment facilities for National Dairies and 
other large plants 8 to 10 years ago, a 
sludge digestion tank was usually pro- 
vided. Some of these treatment plants 
operated for a year or more without 
discharging any sludge into the di- 
gester. In consequence, digesters have 
been omitted from many plants of 
more recent design. Nevertheless, it is 
the author’s opinion that the provision 
of a relatively small tank, of perhaps 
500 or 1,000 gal. capacity, to receive 
sour or excess sludge is a very worth- 
while provision to insure dependable 
operation. 

Perhaps the most common single 
cause of unsatisfactory operation at 
continuous-flow aeration plants is suf- 
foeation of sludge in the settling tank. 
Too often the sludge return is adjusted 
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down to a rate of 1 or 2 g.p.m. by some 
well-meaning operator who has the 
idea that, in order to get good clarifi- 
cation, the settling tank should be as 
quiescent as possible. The extreme re- 
duction in return rate causes the con- 
tents of the settling tank to become 
septic. The active ingredient of sludge 
is living protoplasm and this must be 
returned without delay to an environ- 
ment where there is food and oxygen 
to keep it alive. 


Discharge of Partially Digested Sludge 

At one stage of his work, S. R. 
Hoover of the Eastern Utilization Re- 
search Branch, Agricultural Research 
Service, U. S. Dept. of Agriculture, 
Philadelphia, Pa., suggested the possi- 
bility of producing, by aeration, a 
sludge in which the biological oxida- 
tion was not entirely completed but 
was carried to a point where the sludge 
would be stable and would not impose 
an objectionable demand upon the re- 
ceiving stream. Under his direction, 
R. R. Kountz conducted a full-scale 
project on Loyalsock Creek which in- 
cluded this phase of experimentation. 
Sludge which appeared to be unob- 
jectionable as it left the plant, ac- 
cumulated in the stream and caused 
a local septic condition. This con- 
firmed observations made by the au- 
thor several years previously at Mill 
Hall, Pa. There, for a time, a fairly 
good effluent was produced, although 
it contained noticeable suspended 
solids of a light fluffy character. The 
ditch to the stream continued to ac- 
cumulate stranded solids, which be- 
came septic. 

The average stream appears to the 
eye to be flowing to a considerably 
greater extent than the average set- 
tling tank. But even relatively small 
streams present, at certain points, 
more effective settling conditions than 
do most settling tanks. This is evi- 
denced by accumulations of whatever 
suspended material may be carried out 
in the plant effluent. Despite move- 
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ment which appears rapid to the eye, 
it is known that the average velocity 
of a small stream is lower than that 
of a large one, due to detention in still 
pools. The sludge which settles can 
build up a considerable blanket on 
the stream bottom and thereby, de- 
prived of sufficient oxygen, the living 
organisms die and decay anaerobically. 
To produce an acceptable effluent, it is 
necessary to do the best job possible of 
retaining the sludge. Generally, the 
deliberate release of an apparently 
stabilized sludge will be neither feasi- 
ble nor permissible. 


Aerating Devices 


There have been a number of recent 
developments in aerating devices. Dif- 
fusers with extremely small orifices 
and no moving parts leave much to 
be desired because it is almost impos- 
sible to maintain them in proper con- 
dition. The very nature of milk 
waste, with its capacity to form ‘‘ milk 
stone,’’ is especially damaging to this 
type of device and will certainly con- 
tinue as a severe obstacle to the design 
of a satisfactory small-orifice diffuser. 

Various remedial measures have 
been tried, including the admission of 
steam into the air-distribution lines. 
This has proved satisfactory at some 
plants but quite undesirable at others. 
No panacea has yet been found for 
overcoming blocked orifices. Because 
of this difficulty, headers with perfor- 
ations about 14 in. in diameter have 
been substituted at a number of plants. 
Although such perforated pipes are 
admittedly less efficient in air trans- 
fer, they have the advantage of being 
able to provide some measure of oxi- 
dation with a reasonable amount of 
maintenance at installations where it 
is practically impossible to maintain 
conventional diffusers. 

Penberthy ejectors appear to be 
quite dependable in operation and ef- 
ficient in air transfer, but they require 
an expenditure of pumping energy 
which can be rather expensive in large 
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treatment works. So far as is known 
to the author, no cases of blockage 
have occurred with this type of 
aerator. 


Trickling Filters 


Trickling filters, of course, continue 
to provide a dependable method of 
milk waste treatment but there is 
nothing unusual about their use in 
treating milk wastes which differs from 
their use in treating any other waste. 
Their construction, of course, is rela- 
tively expensive and the main reason 
for the promotion of aeration-type 
plants for small milk-processing in- 
stallations has been the hope of saving 
on plant construction costs. An aera- 
tion-type plant, however, has another 
advantage. In winter, in a _ cold 
climate, a trickling filter loses much 
more heat than does an aeration tank, 
and may allow water temperature to 
drop below that necessary for satis- 
factory biological action. 


Disposal by Irrigation 


At least one dairy in Pennsylvania 
has disposed of milk waste on farm 


fields. At this particular plant, the 
waste is collected in a sump, pumped 
into a tank truck, and then hauled 
away from town and sprinkled on 


farm land. Needless to say, the land 
used for such disposal must necessarily 
be rather remote from town, and, for 
sanitary reasons, reasonably remote 
from the milk-processing plant. No 
data are available on the cost of this 
operation. However, this means of 
disposal may prove to be definitely of 
value in certain situations. 

Irrigation of milk wastes on fields, 
by means of a pipe line and sprink- 
lers, has been reported as being prac- 
ticed with success at several installa- 
tions in other states but no such dis- 
posal of milk wastes has yet been re- 
ported in 
the successful disposal of cannery 
wastes by irrigation has definitely been 


Pennsylvania. However, 
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demonstrated in Pennsylvania at sev- 
eral locations. There is nothing magic 
in waste disposal by irrigation. The 
land and vegetation acts much like a 
trickling filter spread out in an ex- 
tremely thin layer. Bacteria are, of 
course, present in the soil and these 
are the same types of bacteria that 
inhabit a trickling filter or an ac- 
tivated sludge plant. 


Disposal of Wastes at Farms 


The handling of milk from indi- 
vidual farms in bulk tank trucks is be- 
coming more common and the practice 
may be expected to increase in the 
future. At the present time it is esti- 
mated that about 5 per cent of the 
milk produced in Pennsylvania is so 


handled. The washing out of tanks 
and other equipment at numerous 
farms, rather than at one receiving 


station serving all those farms, tre- 
mendously increases the number of 
points of possible stream pollution. It 
may be, of course, that the pollution 
load from each farm will be small 
enough so that the effect on the streams 
will be negligible. However, there is 
no assurance of this and, should ap- 
preciable pollution from each farm 
become the rule, enforcement of anti- 
pollution measures would be quite dif- 
ficult because of the number of points 
of pollution. The disposal at indi- 
vidual farms of waste materials from 
bulk milk handling also has an aspect 
of sanitation with respect to milk 
quality. Milk sanitation officials in 
Pennsylvania are somewhat apprehen- 
sive on this point but, as yet, very 
little is known about the entire prob- 
lem. 


Expansion Problems 


It seems to be a fact that milk proc- 
essing plants seldom continue for very 
many years at the same rate of pro- 
duetion. A number of receiving sta- 
tions in certain areas have been elim- 
inated and their loads have been ab- 


sorbed by others. Consequently, many 
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treatment works which were designed treatment. Therefore, to protect treat- 
to accommodate rather closely the ment works investment, more thought 
plant load which existed at the time should be given by designers to the 
they were built, have been subjected to problem of evolving layouts which can 
overloads so great that they have be- be expanded readily when production 
come entirely incapable of performing _ increases. 


MEETINGS OF INTEREST 
1957 


Sep. 15-18 American Institute of Chemical Engineers, Lord Baltimore Hotel, 
Baltimore, Md. F. J. Van Antwerpen, Secretary, 25 West 45th St., 
New York, N. Y. 


Sep. 22-25 Public Works Congress and Equipment Show, Philadelphia, Pa. 
Donald F. Herrick, Executive Director, American Public Works 
Association, 1313 East 60th St., Chicago 37, Ill. 


Oct. 7-10 Federation of Sewage and Industrial Wastes Associations, Hotel 
Statler, Boston, Mass. 


Oct. 7-8 Bavarian Biological Institute, Munich, Germany. Advance 
course in the biological and chemical problems of trickling filters 
and activated sludge. Dr. H. Liebman, Bayerische Biologische 
Versuchsanstalt, Veterinarstrasse 13, Munich 22, Germany. Ap- 
plications by Sep. 30. 

Oct. 14-18 American Society of Civil Engineers, Annual Convention, Hotel 
Statler, New York, N. Y. W. H. Wisely, Executive Secretary, 
33 West 39th St., New York 18, N. Y. 

Nov. 11-15 American Public Health Association, 85th Annual Meeting, Cleve- 
land, Ohio. R. M. Atwater, M.D., Executive Secretary, 1790 
Broadway, New York 19, N. Y. 


Dec. 1-6 American Society of Mechanical Engineers, Annual Meeting, 
Hotel Statler, New York, N. Y. Secretary, ASME, 29 West 39th 
St., New York 18, N. Y. 


Dec. 8-11 American Institute of Chemical Engineers, Annual Meeting, 
Conrad Hilton Hotel, Chicago, Ill. F. J. Van Antwerpen, Secre- 
tary, 25 West 45th St., New York, N. Y. 
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Stream Pollution 


ESTUARINE POLLUTION INVESTIGATION EMPLOY- 
ING “SAME-SLACK” TECHNIQUE * 


By A. KAPLOVSKY 


Director, Delaware 


The importance and magnitude of 
the Delaware River, with its multiple 
usages, apparent tremendous capacity 
for self-purification, and complexities 
inherent to estuarine waters, and the 
lack of valid information pertaining to 
its sanitary quality, warranted the 
Delaware Water Pollution Commission 
placing added emphasis upon the study 
of the lower portion of this river. 

The Commission staff made a special 
study in 1952 (1) of the iron aceumu- 
lation and distribution in the bottom 
muds and overlying waters within the 
lower Delaware River, in order to de- 
termine the effect of specific dis- 
charges originating in Delaware. 

The Corps of Engineers ‘‘ Delaware 
River Model Study Report No. 2’’ (2) 
contains pertinent information of 
water movement in the Delaware 
River. It is reported that water sam- 
ples collected within 12 min. of high 
or low water slack are considered quite 
valid for model study work. 

Another point of interest is that a 
flood tide may travel as much as 
45,000 ft. per tide. It appears valid 
that model studies may be employed 
to explain physical mixing and/or dis- 
tribution. However, the decomposition 
of waste material, which is strongly 
influenced by time and temperature 
within the river, has not been dupli- 
eated by the model study technique. 


* Presented at 1957 Annual Meeting, 
Maryland-Delaware Water and Sewage Assn.; 
Ocean City, Maryland; May 22-24, 1957. 


Water Pollution Commission, Dover, Del. 


Another point of interest is that once 
a shore discharge has reached the chan- 
nel area it mixes completely with the 
channel waters. 

Model studies conducted by Pritch- 


ard (3) aided greatly the evaluation 
of data secured in this survey. He 


states that at the higher stream flows 
there is uniform mixing from top to 
bottom at all levels within approxi- 
mately two or three tidal cycles. Dur- 
ing spring tide, when more turbulent 
conditions exist, mixing is at a maxi- 
mum and the difference in concentra- 
tion between the various tidal cycle 
periods is at a minimum. 

Another observation made by Pritch- 
ard was that channel areas having the 
greatest velocity of flow should carry 
a greater portion of contamination 
from shoreline discharges. Pritchard 
made a profound statement: ‘‘ Though 
these techniques {computing flushing 
characteristics of an estuary based on 
the salinity distribution or, conversely, 
on the observed or computed distribu- 
tion of fresh water| may adequately 
describe fresh water-salt water distri- 
they may not describe the 
concentration change of the contami- 
nant which is introduced into the 
estuary with an initial distribution 
considerably different than the existing 


bution, 


fresh water or salt water distribution.’’ 

In 1956 an extensive sanitary and 
chemical study (4) was made to meas- 
ure pollution having access to the lower 


Delaware River and to evaluate, if 
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possible, the self-purification capacity 
of the river. Some of the difficulties 
encountered by other investigators 
studying sanitary quality in estuarine 
waters were carefully considered in 
order to derive a more practical means 
whereby the quality of this estuary 
could be determined within reasonable 
time and cost. This paper is a brief 
summary of the extensive survey of 
1956. 

During the period 1951-7 the Water 
Pollution Commission staff has em- 
ployed a modified sampling procedure 
for small estuarine waters. The re- 
sults obtained show the greatest and 
least concentrations of pollution exist- 
ing within any such body of water 
under study. It is possible to sample 
and analyze the waters in these small 
tributaries at the same stream flow 
stage of no tide movement (that is, 
high water and low water slack pe- 
riods) in a single day. It is also pos- 
sible, with a sufficiently fast boat, to 
sample reasonably long stretches of 
small tributaries. 

In essence, samples so gathered and 
accordingly analyzed present a reason- 
ably clear picture of the sanitary qual- 
ity of the small tributary. Other de- 
grees of water quality lie between 
these two current stage extremes. On 
small tributaries the complication of 
cross-sectional distribution is minor; 
however, the size of the Delaware River 
presented a problem which had to be 
evaluated. Before any modified pro- 
cedure could be employed its validity 
had to be established. 


Investigative Methods 

The initial phases of the 1956 re- 
survey (4) consisted of establishing the 
pattern of cross-sectional distribution 
of contaminants by sanitary and chemi- 
eal analyses. Seven specific locations, 
beginning with the Delaware-Pennsyl- 
vania state line and ending downstream 
at Smyrna River, a distance of about 
35 miles, were selected. The actual 
sampling stations (see Figures 1 and 
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2) were at the state line, Cherry 
Island, New Castle, Pea Patch Island, 
Reedy Island, Appoquinimink Creek, 
and Smyrna River. Detailed studies of 
the water quality were made, both 
sanitary and chemical, at each of these 
locations during high water and low 
water slack periods and also during 
different stages of river flow. 

These cross-sectional series were col- 
lected from a 54-ft. ship, loaned by the 
Delaware Commission of Shell Fish- 
eries. This craft was used from early 
in June through the month of August. 

The initial trial speed run series was 
conducted with two boats. All samples 
except the Pea Patch Island location 
were gathered from a 30-ft. crab boat, 
which had a maximum speed of 25 
m.p.h. The Pea Patch Island sample 
was collected from the small outboard 
motorboat owned by the Water Pollu- 
tion Commission. 

The final speed run technique was 
performed in a 16-ft. clinker-type boat 
with a 30-hp. outboard motor. This 
boat was equipped with such facilities 
as an extra gasoline storage with auto- 
matic transfers from each tank, and 
specially constructed boxes for the nu- 
merous sample bottles. It was found 
that to cover the distance from the 
bay to the state line and to collect 
samples during the appropriate slack 
water period, required a minimum of 
1 hr. 50 min. With the new craft no 
auxiliary boat was needed for the Pea 
Patch Island sampling. All slack se- 
ries sampling was begun at the Smyrna 
River location and ended at the Dela- 
ware-Pennsylvania state line position, 
33.69 miles from the starting point as 
measured within the ship channel. 

All physical, chemical, and bacterio- 
logical determinations were made ac- 
cording to ‘‘Standard Methods’’ (5). 
Measurements and analyses were made 
as follows: temperature, dissolved oxy- 
gen, alkalinity, acidity, B.O.D., tur- 
bidity, total iron, color, chloride, hard- 
ness, ammonia, nitrite, nitrate, coli- 
form group, odor, ash content of muds, 
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FIGURE 1.—Drainage map of lower Delaware River basin. 


volatile content of muds, and total iron 
of muds. 


Experimental Results 
Cross-sectional data were evaluated 
to substantiate the validity of averag- 


ing results in the ship channel to be 
representative of the horizontal water 
quality existing within the river. 


Fur- 
ther, 


the cross-sectional series results 
were evaluated in a vertical manner 
and, based on the findings, it was con- 
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INVESTIGATION OF 
SANITARY WATER QUALITY 
IN LOWER DELAWARE RIVER 


DELAWARE - PENNSYLVANIA 
STATELINE 33.69 


DECEMBER 


CHERRY ISLAND 
26.00 


DEEPWATER POINT 


24.50 
NEW CASTLE 
21.18 


PEA PATCH ISLAND 
15.38 


REEDY ISLAND 
9.28 


APPOQUINIMINK CREEK 
5.30 


SMYRNA RIVER 
0.00 


FIGURE 2.—Cross-sections of lower Delaware River at sampling stations. 


cluded that, except for physical analy- The final phase of utilizing cross- 
ses (namely, turbidity and total iron, sectional data included reviewing the 
which exists as a fine floc) small devia- results in a longitudinal manner. Al- 
tions existed from surface to bottom. though occasionally inconsistent, it was 
This indicated rather good mixing in evident that there exists a pattern of 
the ship channel. recovery witkin the Delaware River, 
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FIGURE 3.—Comparative effectiveness of cross-section and “same-slack” series proce- 
dures based on D.O. variations in ship channel surface waters of lower Delaware River 


during low water slack periods, 1956. 


commencing in an abrupt manner, at 
or between New Castle and Pea Patch 
Island. It was further pointed out 
that the use of this cross-sectional pro- 
cedure routinely or on an annual basis 
would require considerable effort, time, 
and expense to obtain even a minimum 
amount of information which could be 


considered as representative. 
In the next study phase it was 
shown that a timed ‘‘same-slack’’ sam- 


pling procedure was feasible. The uni- 
formity of data obtained from several 
“‘trial speed’’ runs, as compared to 
the longitudinal presentation obtained 
from the cross-sectional series, showed 
significant improvement. In addition, 
the variables of river flow and weather 
from day to day were eliminated and, 
above all, it required only a single 
period of sampling of approximately 
2 hr., as compared to many days or 
months as for the cross-sectional 
proach. 

The trial runs with two boats were 
so promising that a new speedboat was 
used to eollect a carefully ‘‘timed 
same-slack’’ series. Two high and one 
water slack ‘‘timed’’ runs were 


ap- 


low 


made, and it became apparent immedi- 
ately that still further improvement 
was obtained over the already excellent 
‘‘trial’’ runs and certainly consider- 
able improvement over the cross-sec- 
tional series composite findings. 

A few examples can show the com- 


parative efficiency of cross-sectional 
and ‘‘same-slack’’ sampling proced- 
ures. A comparison of these two 
methods, with reference to dissolved 
oxygen per cent saturation, is pre- 
sented in Figure 3. It is clearly evi- 
dent that the ‘‘speed run’”’ series 


resulted in a smoother presentation of 
More- 
over, cross-sectional results show that 
the recovery commences sharply be- 


the dissolved oxygen pattern. 


tween New Castle and Pea Patch 
Island, whereas the ‘‘speed run’’ re- 
covery pattern shows a continually 
increasing recovery from Cherry 
Island downstream. Because many 


variables, such as flow and weather, are 
difficult to evaluate in a cross-sectional 
procedure, this latter technique be- 
comes of questionable validity. 

The comparative effectiveness of the 
**same-slack’’ 


cross-sectional and the 
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FIGURE 4.—Comparative effectiveness of cross-section and “same-slack” series proce- 
dures based on pH variations in ship channel surface waters of lower Delaware River 


during low water slack periods, 1956. 


procedures based on pH variations in 
the ship channel surface waters of the 
lower Delaware River during low water 
slack is presented in Figure 4. The 
‘*same-slack’’ procedure shows a very 
uniform pH pattern with a slight de- 
pression at Cherry Island, which is in 
conformity with specific known dis- 
charges entering a short distance up- 
stream from this location. The cross- 
sectional composite results present 
fluctuations in areas where no wastes 
are present for many miles. It be- 
comes rather evident that on a basis 
of pH, the ‘‘same-slack’’ series pro- 
cedure is far superior to the composite, 
not only in relation to the time saved 
in finding valid data, but also the re- 
sults are much more significant. 

The B.O.D. (Figure 5) showed a 
fluctuating pattern in the cross-sec- 
tional series as compared to the results 
of the ‘‘speed run”’ series. The ‘‘speed 
run’’ curve declines uniformly from 
the Pennsylvania-Delaware state line 


downstream; however, the cross-sec- 


tional series shows a depression at 
Cherry Island, a rise at New Castle 
and Pea Patch Island, and then re- 
mains rather uniform thereafter. 
‘“‘speed run 


The 
series not only provides 


smoother data, but also more realistic 
results. 

The coliform content per 100 ml. is 
presented in Figure 6. The patterns 
on both occasions were quite similar; 


however, the New Castle position, 
which is downstream from the un- 
chlorinated Wilmington waste dis- 


charges, would be expected to show a 
sharp increase in coliform content. 
The ‘‘speed run’’ curve presents a 
sharp increase, whereas the cross-sec- 
tional data show only a slight rise in 
concentration. Both series show a uni- 
form decrease in coliform content 
thereafter ; however, each of the series 
indicated a slight increase at the Ap- 
poquinimink Creek station, with the 
cross-sectional data showing a much 
greater change. In general, the ‘‘same- 
slack’’ procedure provides results that 
appear considerably more valid because 
they fit more closely with known eondi- 
tions. 

The comparison of chloride data of 
the two different methods provided a 
reasonably good indicator of sampling 
validity. The chloride pattern pre- 
pared from the cross-sectional series 
and that measured from the ‘‘same- 
slack’’ series of October, 1956 are 
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FIGURE 5.—Comparative effectiveness of cross-section and “same-slack” series proce- 
dures based on B.O.D. variations in ship channel surface waters of lower Delaware River 


during low water slack periods, 1956. 


The ‘‘same-slack’”’ 
data present a smooth concave curve 
from the state line down to Smyrna 
River. In comparison, the cross-sec- 
tional series showed a reasonably smooth 
curve, although evidence of complete 
uniformity is not present, because the 
curve shows a convex shape between 
state line and Pea Patch Island, and 
a concave shape between Pea Patch 
Island and Smyrna River. This may 
be taken as evidence that sampling effi- 
ciency was poorer in the cross-sectional 
series. 

An extremely interesting observa- 
tion can be made from the nitrogen 
balance data recorded on various oc- 
easions. <A typical example pre- 
sented in Figure 8, which shows the 
findings of results collected on Novem- 


shown in Figure 7. 


ber 13, 1956, during a high water slack 
The 
creased progressively and rapidly from 
the state line to New Castle. The ni- 
trite content increased rapidly until 
the New Castle position and thereafter 
The nitrate content in- 
creased in the same manner as the ni- 


series. ammonia content de- 


decreased. 


trite, but remained high downstream to 
the bay. The nitrification pattern 
shows that the ammonia is being oxi- 
dized to nitrite, which in turn is being 
converted to nitrate, thereby  indi- 
cating the stabilization of pollutants 
from upstream sources. The nitrogen 
balance provides a picture of the self- 
purification in an estuary, and more 
significant is the fact that the data are 
identical to conditions observed in non- 
tidal This provides addi- 
tional that this sampling 
technique is indeed excellent. 


streams. 
indication 


In a tidal estuary where there is a 
rather long flushing time, a state of 
equilibrium must exist. If the vari- 
of tidal flow, 
weather conditions are kept to a mini- 


ables movement, and 
mum this state of equilibrium can be 
ascertained by sampling at high or low 
water slack in the same day in a man- 
as the 
run technique. The analytical findings 
measured during this equilibrium con- 
dition provide results which are similar 
to those of non-tidal streams, 


ner such ‘*same-slack’’ speed 


ce z 
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FIGURE 6.—Comparative effectiveness of cross-section and “same-slack” series proce- 
dures based on coliform variations in ship channel surface waters of lower Delaware River 


during low water slack periods, 1956. 


Discussion 


It is of particular interest to note 
that the foregoing comments relative to 
the validity of taking surface channel 
samples to be representative of sani- 
tary water quality at a given cross- 
section can also be reached by making 
some calculations based on a few rea- 
sonable assumptions. The nautical 
chart of lower Delaware River shows 
that a considerable portion of the river 
area consists of extremely shallow wa- 
ter and that the deeper areas, includ- 
ing the channel and adjacent positions, 
are sharply defined. Further, the 
velocity of flow within these deeper 
waters is considerably greater than the 


movement in the shallow, littoral areas. 
If volumes and approximate average 
velocities are jointly considered and 
compared by segments, an extremely 
interesting observation can be made. 
Comparative volumes carried within 
the various segments of the lower Dela- 
ware River are presented in Table 1. 
Areas considered lie between the seven 
sampling stations in this survey and 
are approximately six miles in length. 
Each six-mile area is further divided 
into segments designated (a) ‘‘lit- 
toral,’’ consisting of that portion less 
than 20 ft. in depth; (b) ‘‘intermedi- 
ate,’’ containing that portion greater 
than 20 ft. in depth, excluding the 
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FIGURE 7.—Comparative effectiveness of cross-section and “same-slack” series proce- 
dures based on chloride variations in ship channel surface waters of lower Delaware River 


during low water slack periods, 1956. 


channel; and (ec) ‘‘echannel.’’ The 
average velocity selected for the ‘‘lit- 
toral’’ was 1.5 f.p.s., the ‘‘intermedi- 
ate’’ average velocity was taken as 2.5 
f.p.s., and the ‘‘channel’’ average 
velocity was assumed as 3.5 f.p.s. By 
multiplying the volume at mean low 
water in each of the segments by the 


average velocity, a ‘‘earry factor’’ 
common to each segment is obtained, 
which can be used for comparative 
purposes. 

On the basis of the carry factor it 
becomes evident that only 18.65 per 
cent of the total lower Delaware River 
movement is represented by the littoral 


| 
= 
+3 


Vol. 29, No. 9 ESTUARINE POLLUTION SURVEYS 1051 
= T T T T 
° | | 
il | = 4 
| 
| At Nitrate Nitrogen 
= = \ s Nitrite Nite : 
2 x 8 | z 
x 
08 04; | 08 
] 
36 32 28 24 20 16 2 8 S ° 


Distonce from Deliowore Boy, miles 


FIGURE 8.—Nitrogen balance variation in surface waters of ship channel, lower Delaware 
River during high slack water, Nov. 13, 1956. 


areas ; however, 54.20 per cent is repre- 
sented by the intermediate and 27.15 
per cent by the channel waters.. More 
concisely stated, 81.35 per cent of the 
river’s volume is carried by the chan- 
nel and adjacent areas. Consequently, 
it would appear that an evaluation of 
stream recovery in a longitudinal man- 
ner would not be significantly affected 
if littoral sampling were omitted. 

The foregoing theoretical observa- 
tion can be further substantiated by a 
study of the sanitary quality. The 
sanitary analyses in this report showed 
that pollution, in general, emphasized 
its presence in the channel and ad- 
jacent areas far more than in the lit- 
toral segments, especially with respect 
to the dissolved oxygen content. These 
analyses also indicated that contamina- 
tion from above the Delaware-Pennsyl- 
vania state line when moving down- 
stream confined to the channel 
waters and the areas immediately ad- 
jacent thereto. Consequently, it would 
not be improper to conclude that, since 
in excess of 80 per cent of the volume 
of the Delaware River is carried by the 
waters more than 20 ft. in depth, 90 
per cent or more of the river’s waste 
load is carried in these waters. 

The waste loads contributed by vari- 
ous discharges would be most evident 
in and about the sources of discharge. 


was 


To determine the zone of influence of 
these wastes entering the Delaware 
River, one must, of necessity, study the 
littoral areas in detail. These zones 
should be comparatively small, as it 
was shown that existing discharges en- 
tering the river adjacent to one station 
location had blended completely with 
the channel waters before reaching the 
next downstream position, a maximum 
distance of seven miles. <A detailed 
study of the various waste discharges 
and their effect on the river’s sanitary 
quality is to be considered in the near 
future. 

Pritchard (3) made several inter- 
esting observations from his model 
studies using dye as the indicator. 
When the test dye was added to the 
upstream areas of the model (that is, 
at Fort Mifflin and/or Chester), a wide 
area of dispersion immediately re- 
sulted, approximating a diameter of 
740 ft. Such a dispersion would nat- 
urally not be typical of a waste dis- 
charge entering the prototype. How- 
ever, when this same procedure of 
adding dye was performed at model 
station 296, where the cross-section is 
considerably greater and not too dis- 
tant from the bay, a different phe- 
nomenon occurred. By visual observa- 
tion Pritchard noted that during high 
and low water slack periods, a marked 
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Littoral Area! | 
| Volume 
at | of Cross-| Carry® | 
M.L.W.? | ‘Section Factor 
Penn.-Del. state 
line to Cherry 
Island 860 10.6 1,290 | 
Cherry Island to | 
New Castle 840 | 13.8 ,260 
Subtotal 1,700 | — 2,550 | 
New Castle to } | 
Pea Patch Is- | 
land | 1,966 | 28.0 | 2,950 
Subtotal 3,666 5,500 | 
| 
Pea Patch Island | | 
to Reedy Is- | 
land 1,514 18.4 2,270 | 
Subtotal 5,180 7,770 
Reedy Island to 
Appoq. Creek | 795 12.0 1,190 | 
Subtotal 5,975 8,960 | 
| | 
| 
Appog. Creek to | 
Smyrna River | 3,109 36.6 4,660 
| 
Total 9,084 13,620 


1 Littoral area is portion less than 20 ft. in 
ft. in depth excluding channel. 
2 Cubic feet & 10°. 


Intermediate Area! Ship Channel 


| Portion 


olume folum Porti 
| of C Carry? of C Carry? 
M.L.W. | a | Factor | M.L.W.? — Factor 
| | 
| 
| | 
2,498 | 51.7 — 1,300 | 37.7 1,550 
| | 
1,962 | 54.5 4,910 816 | 31.7 | 2,860 
4,460 11,150} 2,116 7,410 
| | 
1,661 | 39.5 | 4,160| 980 | 32.5 | 3,430 
6,121 | - |15,310| 3,096 - | 10,840 
| 
2,608 | 53.0 | 6,520; 1,008 | 28.6 | 3,530 
8,729 21,830} 4,104 — | 14,370 
2.568 | 64.7 6,420 656 | 23.3 2,300 
11,297 28,250! 4,760 | 16,670 
4,500 | 52.9 | 11,250 896 10.5 | 3,140 
15,797 39,500 | 5,656 | — | 19,810 


depth; intermediate area is portion greater than 20 


* Values used for comparative purposes only; volume times average velocity in segment; 


littoral ¢ 
velocity of 3.5 f.p.s. 


tongue of concentrated color appeared 
and was clearly confined to the chan- 
nel. Spreading into the littoral areas 


was only a gradual or very slow dis- 


persive action. These observations 
may again be taken as evidence of the 
controlling influence of the channel 


retain the 
The dye 
location 


and its ability to carry or 
bulk of the pollutional load. 
addition at this downstream 
was more nearly similar to an actual 
waste discharge entering the 
type. 

Samples collected for analysis from 
were taken at mid- 


It is of particular interest to 


proto- 


studies 
channel. 


model 


average velocity of 1.5 f.p.s.; intermediate average velocity of 2.5 f.p.s.; channel average 


note that this rather extensive study of 
the 
sampling 


made 
that 
within the ship channel was represen- 


sanitary water quality on 


prototype concluded 


tative of the entire river at any given 


cross-section. Initially, some doubt 
existed as to whether the sampling 
techniques used on the model could 


duplicate the self-purification pattern 
existing in the river. These compara- 


tive findings indicate that it may be 
to add waste 
charges to the model and secure valu- 
able information as to the stream’s self- 


purification capacity. 


possible various dis- 
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Conclusions 


1. A study of horizontal and vertical 
sanitary water quality patterns in the 
lower Delaware River employing the 
cross-sectional procedure shows that 
representative conditions can be ob- 
tained for specific locations by analyz- 
ing samples gathered during either 
high or low water slack at the surface 
level within the ship channel. 

2. Representative conditions can be 
secured by sampling at the surface 
level within the ship channel as fol- 
lows: 


(a) Delaware-Pennsylvania state 
line: left, center, and right; 
Cherry Island: left, center, and 

right ; 
(ec) New Castle: left and right; 
(d) Pea Patch Island: mid-channel; 
(e) Reedy Island: mid-channel ; 
(f{) Appoquinimink 
channel; and 


(b) 


Creek: mid- 


Smyrna River: mid-channel. 
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3. Composites of cross-sectional data 
taken at low water slack could present 
good longitudinal patterns of stream 
purification if sufficient numbers of 
series are collected within a reasonably 
short time and carefully arranged in 
accordance with stream conditions. 

4. A timed ‘‘same-slack’’ sampling 
technique, applied from Delaware Bay 
to the Delaware-Pennsylvania state 
line, will provide exceedingly uniform 
data and excellent self-purification pat- 
terns of the lower Delaware River. 

5. Results obtained by the ‘‘same- 
slack’’ procedure provide far more 
valid data than the cross-sectional tech- 
nique. 

6. Nitrogen balance data show typi- 
cal non-estuary type patterns during 
low water slack periods in the lower 
Delaware River. 

7. The ‘‘same-slack’’ technique of 
studying estuarine sanitary water 
quality in the lower Delaware River 
appears applicable to the entire estu- 
ary from the Delaware Bay to Trenton, 


N. J. 


References 


1. Kaplovsky, A. J., ‘‘A Study of the Ac- 
cumulation and Distribution of Iron 
Waste Discharges Originating Within 
the State of Delaware.’’ Water Pol- 
lution Commission Technical Report I 
(1952). 

. Corps of Engineers, U. 8S. Army, Delaware 
River Model Study, ‘‘ Salinity Tests of 
Existing Channel.’’ Report No. 2 
(1954). 

3. Pritchard, D. W., ‘‘ A Study of Flushing 
in the Delaware Model.’’ Technical 


Report VII, The Chesapeake Bay Insti- 
tute, Johns Hopkins Univ. (1954). 

4. Kaplovsky, A. J., ‘‘Investigation of Sani- 
tary Water Quality in Lower Delaware 
River, Part I and Part II.’’ Water 
Pollution Commission Technical Report 
TI (1956). 

5. ‘Standard Methods for the Examination 
of Water, Sewage, and Industrial 
Wastes.’’ 10th Ed., Amer. Pub. 
Health Assn., New York, N. Y. (1955). 


PRE-REGISTRATION INFORMATION 


All who are planning to attend the Thirtieth Annual Meeting 
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years. 
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Respe ctively, 
and Wisconsin Committee on 


The quality of a body of water re- 
ceiving wastes from the activities of 
man and nature is quite readily de- 
termined by a variety of chemical, 
physical, and biological assays devel- 
oped specifically for the purpose. The 
concentration levels of dissolved oxy- 
gen, of biochemical oxygen demand, of 
suspended solids, and the aquatic bi- 
ology of the water body are especially 
well-known criteria of whether or not 
a state of pollution exists. 

However, the mere knowledge that 
the water is polluted tells little more 
than the bare fact that the immediate 
capacity of that body of water for 
self-purification has exceeded. 
Unfortunately it is seldom possible to 
immediately isolate and completely 
eliminate the sources of overload which 
may be producing pollution conditions 
in large rivers and other natural water 
bodies. Usually it becomes desirable, 
if not imperative, to learn as much 
as possible about the working capacity 
of the water body for self-purification 
and the overload. 
This information is needed, not only to 
define the problem and to help in the 
long-range planning to bring about an 
elimination of the conditions of pollu- 
tion caused by the overload, but also 
to establish the basis for economic and 
fair use of the important treatment 


been 


also of degree of 
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capacity of dilution waters in the pres- 
ent-day complexity of problems con- 
cerned with proper use of water re- 
sources for the maximum benefit of all. 

Recognition of the need for informa- 
tion on the purification capacity of 
rivers is not a recent development. 
The 1925 publications by Streeter and 
Phelps (1) refer to investigations of 
self-purification of streams by Phelps 
starting in 1913 and by Adney in 
England about the time. The 
early studies recognized the importance 
of the dissolved oxygen balance as one 


same 


of the more easily determined quanti- 
tative measures capable of indicating 


and also of controlling the state of 
self-purification. The development of 
the ‘‘oxygen sag’’ concept for mathe- 


matical formulation of the oxygen bal- 
ance of a stream has been a most useful 
tool in understanding of 
stream conditions and in_ predicting 


gaining an 


the reaction of stream to changes in 
the pollution load. Substantial modi- 
fications improvements to the 
original mathematical formulation and 
application of the oxygen sag equation 
have been made in the intervening 
years (2) (3) (4) (5) (6) (7) (8) (9) (10) 
(11) (12) (13). The mathematical 
formulations aid greatly, but there is 
still much to learn about the variables 
affecting the constants re- 
quired for effective formulation. Fur- 
ther improvement in methods for de- 
termination of the purification capac- 
ity of streams and much 
needed. 

This paper is the third of a series 


and 


various 


rivers is 
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covering a comprehensive study of 
Wisconsin rivers and describes various 
methods used by the authors to gain a 
better knowledge of the purification 
capacity of the streams. 


Definition of Purification Capacity 


Complexity of the interrelationships 
and the wide number of variables ex- 
isting within a flowing stream make the 
exact definition of the purification ca- 
pacity of a stream difficult. It has 
been found necessary first to formu- 
late a generalized definition and then 
further to define more exact condi- 
tions for the particular study or ob- 
jectives. For general coverage it is 
suggested that the purification ca- 
pacity of a stream might best be de- 
fined as the working capacity for 
removal of dissolved and suspended 
solids (both organie and inorganic), 
which may be brought about by physi- 
cal, chemical and biological stream 
processes within a given volume of 
water and qualified where possible by 
known rates of flow, by a unit length 
of the stream, by specific temperature 
levels, or by known rates of reaction. 

More specifically the purification 
capacity for organic matter affecting 
the oxygen balance of a stream might 
be expressed in units of biochemical 
oxygen demand satisfied in a unit of 
time and preferably with units of 
stream flow, length of stream stretch, 
and temperature or reaction rates 
specified. It is understood that maxi- 
mum capacity for self-purification of 
streams will be dependent on avail- 
ability of adequate levels of dissolved 
oxygen and of balanced supplies of 
other nutrients required by the biologi- 
eal fauna and flora of the stream. 

For this paper several different 
methods of arriving at an estimation of 
the purification capacity of the vari- 
ous rivers under study have been 
chosen. It is hoped and expected that 
others who undertake similar studies 
may be enabled to further advance 
the development of methods for de- 
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termining the purification capacity of 
streams in more exact terms and that 
eventually there will be developed 
standards for establishing self-purifi- 
cation capacity. 


Source of Data 


A comprehensive program of stream 
studies was undertaken cooperatively 
by the Wisconsin State Committee on 
Water Pollution and by the Sulphite 
Pulp Manufacturers’ Research League 
for the purpose of more closely estab- 
lishing conditions of pollution affect- 
ing the Wisconsin rivers starting early 
in 1955. Data have been collected from 
well-organized cross-section studies on 
the Lower Fox River, the Wisconsin 
River, the Flambeau River, and the 
Oconto River, all in Wisconsin. Base 
data and calculations derived from 
the 1955 and 1956 studies have been 
released in a series of reports for lim- 
ited distribution (14) (15) (16) (17) and 
two prior interpretive papers (18) 
(19) have been published in this series. 
Particular emphasis is placed on the 
results of intensive studies on the 
Lower Fox River, although data from 
the other streams are also utilized in 
drawing the conclusions contained in 
this paper. 

Reference should be made to the 
prior reports and publications for de- 
tails of the methods and of data used 
in these studies. 

The methods of deriving the data 
may better be understood by reference 
to Figure 1, which shows schematically 
the power dams and water flow in the 
39-mi. stretch of the Lower Fox River 
between the source from Lake Winne- 
bago within the cities of Neenah- 
Menasha and the mouth of the river 
at Green Bay. The length of the 
stream was divided into 9 stretches, 
with stations between known sources 
of pollution, for the studies in 1955. 
An additional station, 5A (Figure 1), 
was added for the intensive 1956 
stream studies in the area between Sta- 
tions 5 and 6 where a minimum of 
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be expected to affect the interpretation deposited, reaeration, oxygen utiliza- 


of results. 

Standard operating procedure for 
gaging and sampling in these stream 
studies involved the division of the 
width of the stream at 
tions into 20 equal sections from right 
to left looking downstream. The basic 
data that appeared necessary for a 
program of this type involved the de- 
termination of stream discharge, 5- 
day B.O.D., ultimate B.O.D., D.O., 
temperature, pH, and suspended sol- 
ids, both fixed and volatile. With 
such information from individual sta- 
tions obtained through multiple sam- 
plings at the stream cross-sections, it 
was thought that it should be possible 
to more precisely arrive at a repre- 
sentative picture of stream loading, 


selected sta- 


tion, and, eventually, also a basis for 
computing the self-purification ¢a- 
pacity for given stretches of the stream. 

The results of these studies have 
been valuable and a great deal has been 
gained toward achieving the original 
objectives of this cooperative stream 
study program. However, it should 
be understood that much still remains 
to be done toward development of the 
best methods for conducting compre- 
hensive studies of this type and in 
the final interpretation of the results. 


Development of the Data 
The acquisition of quantitative data 
on the B.O.D. loading at the various 
stations along each of the rivers 
showed much evidence of the large 
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working capacity for self-purification 
brought about by the various stretches 
of the streams between stations as the 
flow progressed downstream. As would 
be expected, the amount of work ap- 
parently accomplished varied with the 
season of the year, the temperature, 
the type of loading carried by the 
water, and the effect of auxiliary 
stream processes (such as photosyn- 
thesis by algae and the decomposition 
of sludge cover on the stream bottom). 
Some of these variables will receive 
more extended discussion later in this 
report. 


Method 1. 
a Stretch 


As a first try at judging the work- 
ing capacity of Wisconsin streams the 
selected data of Table I were chosen 
to show the over-all working capacity 
of certain stretches of Wisconsin rivers 
under various conditions in terms of 
the difference between the maximum 
levels of ultimate B.O.D. at stream 


Working Capacity Within 


TABLE I. 
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temperature and the minimum levels 
of the ultimate B.O.D. at stream tem- 
perature which were found at stations 
downstream. 

In the next to last column of Table 
I it can be seen that the apparent work 
done in terms of the difference in 
pounds of B.O.D. reduction per day 
on the Fox River ranged from slightly 
over 64,000 lb. B.O.D. for the 18-mile 
stretch between Stations 5 and 8 dur- 
ing a low water temperature period 
in April, 1955 to an apparent working 
capacity of some 167,000 lb. reduction 
in B.O.D. per day which was observed 
for a 17-mile stretch in June, 1955 at 
a water temperature of 21.9° C. At 
high temperature levels of 28° C. in 
July, there was much evidence that 
the Fox River was carrying a heavy 
load of algae from blooms occurring 
upstream on Lake Winnebago. At 
that time the data showed an appar- 
ent daily reduction of some 656,000 
lb. of ultimate B.O.D. at stream tem- 
perature. On other streams, the Wis- 


—Apparent Purification Capacity in Terms of Reduction of Ultimate 


B.O.D. Within Selected Stretches of Wisconsin Streams 


| 
| Ultimate B.O.D. (Ib. /day) | 


Stretch Dat Fl | Dist 
ate e >. Ow j stance | | uriication 
| (1955) eC) (c.f.8.) (mi. ) Capacity" 
Max. Red. | (ib./day) 
(a) Fox River 
5&8 Apr. 28 14 | 7,500 18.4 330,034 s| 64,039 465 
5&7 Jun. 16 21.9 | 4,200 17.0 | 320,671 167,364 2,340 
6&7 | Jul 21 | 283 | 2650 | 69 | 976,633 | 656,016 | 36,000 
(b) Wisconsin RIVER 
Rhine | | | | | 
2&3 | Aug. 11 | 23.8 924 | 16.5 111,808 60,769 3,980 
3&4 | Aug. 4 | 25.3 | 1,325 12.2 62,741 | 18,282 | 1,130 
| 


(d) Oconto River 


2&3 Jul. 13 | 27.9 


! Ultimate B.O.D. per 1,000 c.f.s. per mile. 


4.1 


51,928 | 


37,817 | 44,200 


4, 
- 
| 
| 
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consin River at Rhinelander showed 
a daily reduction of some 60,000 lb. of 
ultimate B.O.D. at stream temperature 
between Stations 2 and 3 in August, 
1955; the Flambeau River had an ob- 
served reduction of 18,000 lb. of ulti- 
mate B.O.D. daily in July, 1955; and 
the Oconto River showed a daily re- 
duction of some 37,000 Ib. of ultimate 
B.O.D. at high stream temperatures 
ranging from 25° to 27.9° C. during 
July, 1955. 

The data given in the column just 
discussed provide some over-all basis 
for judging the daily working capacity 
of a stream, but have the disadvantage 
of being gross values for over-all work 
done by various quantities of water 
over various lengths of the stream and 
without adequate allowance for other 
variables affecting the results. 

In the last column an attempt has 
been made to delineate the working 
capacity of the stream more closely 
by means of comparing the amount 
of ultimate B.O.D. reduction daily at 
stream temperature for each 1,000 c.f.s. 
of flow and reduced to an average 1- 
mile length of the 
the apparent amount of work 
done ranged from a low of 465 lb. of 
ultimate B.O.D. reduction daily during 
low temperature on the Fox River to 
a maximum of 44,000 lb. of ultimate 
B.O.D. reduction daily for each 1,000 
in a 1-mile stretch at stream tem- 
perature on the Oconto River when 
the water temperatures high. 
The high value on the was 
almost matched by the 36,000 lb. of 
ultimate B.O.D. reduction daily per 
1,000 ¢.f.s. per mile achieved on the 
Lower Fox under similar high-tem- 
perature conditions, but also with a 


stream. On this 


basis 


¢«.f.s. 


were 
Oconto 


high loading of algal cell material 
from hot-weather blooms on Lake 
Winnebago. The authors have de- 


voted a considerable amount of time 
and thought to the reliability of the 
high values for apparent purification 
capacity on the Fox River during the 
season of high algal loadings, and also 
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on the Oconto where sludge beds and 


long holding times affect the data. 
The fact remains that the base data 
are derived as averages from many 


samples and the deoxygenation con- 
stants were derived from smooth and 
apparently reliable curves. Therefore, 
it is not felt that these values can be 
discounted entirely. It 
that the extremes of working capacity 
shown do not represent work done un- 
der equivalent neither 
would they be considered as a norm 
on which to judge the predictions of 
the working capabilities of an average 
stream. Plainly, further developments 
of this concept will be needed for 
judging purification capacity of natu- 
ral waters. 


is recognized 


conditions, 


Method 2. Working Rates to Judge 
Working Capacity 

method advanced for 

evaluation of the working capacity of 

a stream 


A second 


is based on consideration of 
the deoxygenation constant /, and of 
the calculated time to oxidize 90 per 
cent of the ultimate B.O.D. as rate 
factors by which the purification 
capabilities of a body of water might 
be judged. Admittedly this method 
provides less tangible values on which 
to base an evaluation of the purifica- 
tion capacity than for the first method 
described, but it may be quite valuable 
in helping to differentiate between 
types of stream loading with differ- 
ent rates of oxidation which would be 
affecting a stream’s capacity for self- 
purification. 

The data derived from long-term 
B.O.D. studies and development of the 
rate constant indicate that those por- 
tions of the stream which are not 
heavily loaded with man-made wastes 
exhibit a low k,-value. In the case of 
the Lower Fox River, from which the 
data are selected for Table II, the 
B.O.D. loading of nature (comprising 
principally the blue-green algae types 
from Lake Winnebago, plus soluble 
compounds more resistant to oxida- 
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i, 
& 
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tion) exhibit a uniformly lower rate 
factor in comparison to those obtained 
farther downstream. Similarly, ex- 
treme lower stream reaches show lower 
k,-values as the more easily oxidized 
materials become stabilized in the mid- 
section of the stream, and more re- 


sistant wastes remain to utilize the 
oxygen of the lower stream sections 
down to Station 8. The section of 


stream below Station 3 and down to 
Station 6 receives the heaviest load- 
ing of man-made oxidizable wastes, 
consisting principally of treated sew- 
age effluents, paper mill wastes, and 
sulfite and sulfate pulping wastes. 
The higher concentration of simple 
oxidizable organic components in such 
wastes results in a much increased de- 
oxygenation constant. 

The expression of the oxygen usage 
rate as a rate constant is one method 
of expressing the comparative presence 
or absence of easily oxidized organic 
compounds. Other things being equal, 
the higher the rate constant, the more 
available the B.O.D. load must be to 
oxidation. Correction of the constant 
to stream temperature brings the arti- 
ficial laboratory environment that 
much closer to conditions of nature 
imposed on the load in the stream. 
From the rate constant, one also may 
express the oxidation activity in terms 
of time. In Table II, the rate has 
been used to determine the time, in 
days, required to oxidize 90 per cent 
of the ultimate B.O.D. corrected to 
stream temperature. 

Consideration of these data (days to 
oxidize 90 per cent of ultimate B.O.D.) 
indicates that the rate of oxidation at 
midstream, Stations 4 and 5, is such 
that the rate of work in unit time 
in this reach of stream is 2 to 4 times 
the rate exerted on the load entering 
the river from Lake Winnebago, or 
remaining in lower reaches of the 
stream down to Station 8 at De Pere. 
Both increasing ultimate B.O.D. loads 
and inereasing rate constants in the 
midstream section work to the detri- 
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TABLE II.—Use of Rates to Judge Purification 
Capacity of the Lower Fox River 


Deoxygen. Days to 
Station Ce — 
(a) APRIL SURVEY? 
1 0.084 89,405 11.8 
2 | 0.056 188,729 17.9 
3 | 0.060 299,100 16.8 
4 0.100 | 309,787 | 10.0 
5 0.104 330,034 9.6 
6 0.094 | 321,058 10.6 
7 0.059 | 328,226 17.0 
8 0.109 275,995 9.2 
(6) Jung Survey?® 
l 0.058 35,710 | 17.2 
2 0.070 47,410 | 143 
3 0.127 127,856 | 7.9 
4 0.155 159,851 | 6.5 
5 0.103 | 320,671 9.7 
6 0.080 | 167,183 12.5 
7 0.065 153,307 15.4 
8 | 0.044 | 343,465 | 22.7 
(c) Survey‘ 
1 0.049 150,626 20.2 
2 0.028 509,651 35.7 
3 0.033 846,840 | 304 
4 0.094 325,913 | 10.7 
5 0.136 331,920 73 
6 0.0145 976,6335 69.05 
7 0.057 | 320,617 17.5 
8 | 0.055 370,978 | 18.2 
| 
(d) OcroBER Survey® 
1 0.049 15,859 | 20.3 
0.029 29,304 34.8 
3 0.117 44.393 | 8.5 
4 0.140 84,557 | 7.1 
5 0.150 135,216 6.7 
6 0.097 75,121 | 10.3 
7 0.062 78,936 | 16.3 
8 0.049 20.2 


1 Ultimate B.O.D. 


127,069 


2 Average flow, 7,500 c.f.s. 
3 Average flow, 4,000 c.f.s. 
4 Average flow, 3,000 c.f.s. 
5 Heavy algal growth. 

6 Average flow, 1,700 c.f.s. 


ment of the oxygen balance, reducing 
the dissolved oxygen to critical levels. 
Other data relative to oxygen balance 
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st 
om 
| 
4 


1060 


and 5-day B.O.D. load support the 
assumption gained by considering these 
rate factors which indicate the stream 
is operating at a much higher puri- 
fication rate per unit time in the mid 
reaches of the river. 

Considering the relative flow rates 
for the four surveys, and with the as- 
sumption that stream loading remains 
fairly constant as evidenced by the 
ultimate demand at Station 5 for the 
April, June, and July surveys, it is 
apparent that the effect of dilution 
or changing concentration has little ef- 
fect on the rate or ultimate B.O.D. 
at Station 5, the point of maximum 
oxygen balance deficit on the stream. 
Although the concentration during the 
April, June, and July surveys changed 
in a range of 1 to 214 based on stream 
flow, the amount of work accomplished 
in unit time at Station 5 remained 
very nearly the same. We must then 
conclude that the work done per unit 
volume changes in the same order as 
the dilution, indicating that as long 
as dissolved oxygen is 
creased waste concentration develops a 
corresponding increased demand on the 
dissolved oxygen added to the stream 
from dilution sources and from re- 
aeration in the stretches 
Thus, the work per unit volume in- 
creases with decreased dilution 

Although the rate at Station 5 on 
the October survey was somewhat 
higher than those of April, June and 
July, the ultimate demand at stream 
temperature was considerably lower 
than that of other surveys, indicating 
that the residual easily oxidizable load 
had been partially satisfied in upstream 
The further reduction in 
flow during this survey to 1,700 c.f.s. 
with increased holding time permitted 
more satisfaction of demand between 
stations while decreasing temperatures 
increased the time of satisfaction at 
stream temperature. The time to oxi- 
dize 90 per cent of the ultimate de- 
mand thus remains much the same as 


present, in- 


involved. 


reaches 


for other surveys at Station 5, again 
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indicating that demand is continuous 
irrespective of concentration and the 
only relief for the overloaded stream 
is increased oxygen through increased 
flow, or removal of easily oxidizable 
substances. 


Effect of Purification Capacity on D.O. 
Removed 


Another suggested method of evalu- 
ating the purification capacity of the 
Wisconsin streams was based on the 
determination of the actual stream 
loading in terms of the pounds of 
5-day B.O.D. per e.f.s. per day for 
each part per million of dissolved oxy- 


gen removed. ‘These data are com- 
piled in Table III. 
The cross-section surveys afforded 


an opportunity to obtain accurate de- 
terminations of the actual stream load- 
ing at selected stations. On the Fox 
River these values were obtained at 
Station 5, above which most major 
sources of pollution enter the stream. 
It should be noted that temperatures 
ranging from 11.0° to 24.0° C. were 
encountered during the surveys. The 
actual loadings varied from 32.5 to 
86.5 lb. of 5-day B.O.D. per ¢.f.s., and 
dissolved oxygen at the initial station 
ranged from 4.3 to 10.2 p.p.m. The 
lowest dissolved oxygen concentration 
downstream oceurred at points from 
10.1 to 17.0 miles below the initial 
station at which the loading was meas- 
ured. 

In an attempt to gain some correla- 
tion of results, the B.O.D. in the last 
column is expressed as the pounds of 
5-day B.O.D. per day per c.f.s. per day 
per p.p.m. of dissolved oxygen re- 
moved. It should be noted that at 
low temperatures of 11.0° to 13.0° C., 
1 p.p.m. of oxygen was removed at 
loadings of 19.52 to 19.97 lb. of 5-day 
B.O.D. At temperatures of 21.7° and 
23.5° C., 1 p.p.m. of oxygen was re- 
moved at loadings of 12.73 to 13.23 Ib. 
of 5-day B.O.D., and at 24.0° C., 1 
p.p.m. of dissolved oxygen was re- 
moved at a loading of 11.08 lb. of 5- 
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STREAM PURIFICATION CAPACITY 


TABLE III.—Effect of Temperature on Rate of Removal of Oxygen 
by Known Stream Loadings 


| 
Loading DO. at Lowest Pounds 
‘emp. Ib. 5-day Downs B.O.D./ce.f.s./ 
c.f.s./day) (p.p.m.) D.O. Removed 
Oct. 20, 1955 Fox 11.0 86.5 4.5 0.17 19.97 
Apr. 28, 1955 Fox 13.0 41.0 10.2 8.1 19.52 
Jun. 16, 1955 Fox 21.7 45.0 4.8 1.4 13.23 
Sep. 3 1956 | Fox | 21.8 32.5 7.5 6.0 21.66' 
Jul. 27, 1956 Fox 23.5 47.1 4.3 0.6 12.73 
Aug. 10, 1955 | Wis | 24.0 54.0 5.4 | 0.53 11.08 


‘Test run 
photosynthesis. 


made during mill shutdown; heavy algae growth supplying oxygen through 


day B.O.D. In the ease of the Sep- From Table I it might be assumed 
tember 3, 1956, survey, when the in- that the rivers under study are 


dustrial pollution load was at a mini- 
mum and dissolved oxygen was in- 
creased due to photosynthesis, a high 
load of 21.66 lb. of B.O.D. removed 1 
p.p.m. of dissolved oxygen. 

It is evident from this information 
that at low temperatures, when the 
stream purification proceeds at a slower 
rate, considerably higher loadings can 
be supplied to the stream without ad- 
versely affecting downstream condi- 
tions. 

For example, if it were determined 
that 4 p.p.m. of dissolved oxygen could 
be removed from a given stretch of 
stream without development of critical 
conditions, then at 11° C. about 80 
lb. of 5-day B.O.D. per day per c.f.s. 
could be discharged to the stream, 
whereas at 23° C. only about 52 Ib. 
of 5-day B.O.D. per day could be ap- 
plied per e.f.s. of stream flow per day. 


Discussion 


Evaluations of the foregoing data 
for purpose of judging the purifica- 
tion capacity of Wisconsin rivers in- 
dicate clearly that there is still much 
to learn about these streams before the 
findings can be reduced to anything 
resembling a close and easily repro- 
ducible capacity factor. Nevertheless, 
it is felt that there have been several 
major steps along the pathway toward 
such an objective. 


capable of processing fermentable or- 
ganic matter in amounts ranging from 
400 to 44,000 lb. of ultimate B.O.D. 
daily at stream temperatures for each 
1,000 ¢.f.s. of flow and within a 1-mile 
stretch of the stream. No allowance 
for stream working conditions or proc- 
essing variables have been made in 
establishing that preliminary range of 
working capacity. 

The second method of evaluating the 
working capacity on the basis of rates 
of reaction helps to allow for one of 
the major variables, because it tells 
something as to the nature of the load- 
ing and of its decomposition rate. For 
the Fox River it would seem probable 
from the data that it might be best to 
consider the capacity factors gained 
from data gathered in the mid-stretches 
of that stream (in the regions of Sta- 
tions 5 and 7) where the work is being 
carried out on materials capable of 
being decomposed at rapid rates, as 
well as on the more resistant ma- 
terials carried by the water from far- 
ther, upstream. 

It was readily apparent that other 
conditions were also affecting the self- 
purification capacity of the streams. 
Among these were the effect of high 
flows and high silt loads carried dur- 
ing the spring run-off period in the 
April, 1955 surveys, the high levels 
of algae and the resultant effects of 
photosynthetic and respiratory reac- 
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TABLE IV.—Comparison of Variables Affecting Purification Capacity ' 


Stretch 
River Between 
| Stations 


Date 


Purification 
Capacity Factor! 


(Ib./day) 


Temp. Flow 
(°C.) | (c.f.s.) 


(a) SecTION Srupires at Low Water TEMPERATURES (10° To 15° C.) 


Apr. 28, 1955 | Fox 5&6 
Oct. 20, 1955 } Fox 5&6 


b) Secrion Strup1es 


Jun. 16, 1955 Fox 5 & 6 
Jul. 26, 1956 Fox 5a & 6 
Jul. 26, 1956 Fox 5a & 6 
Sep. 3, 1956 Fox 5a & 6 
Sep. 3, 1956 Fox 5a & 6 
Aug. 11, 1955 Wis. R2 and R3 


c) SECTION STUDIES 


Jul. 21, 1955 Fox 6&7 
Aug. 4, 1955 Flambeau ,&4 
Jul. 13, 1955 Oconto 2&3 


? High water, spring run-off with silt load. 
3 Algae present in high concentration. 


* Algal cell material removed by centrifuging. 


at MopEeRATE SUMMERTIME WATER TEMPERATURES (20 


at High SumMMER WATER TEMPERATURES (25° 


120? 
3,600 


13.6 
11.0 


7,425 


1,650 


To 25° C.) 


21.5 4,260 3,750 
24.0 3,025 3,5408 
24.0 3,025 2,600 
22.5 3,450 11,8005 
22.5 3,450 450* 
23.8 924 3,980 


To 30° C.) 


28.3 2,650 36,0004 
25.3 1,325 1,130 
27.9 209 44,200° 


1 Capacity factor = pounds ultimate B.O.D. removed daily per 1,000 c.f.s. per mile. 


5 Long holding time and fermentation of sludge beds. 


tions by the algae, and the effect of 
sludge beds and ponds. 

Table IV is a further compilation of 
calculated capacity factors grouped to 
help in considering the possible effect 
of some of the variables on the range 
of purification capacity. 

In the first section the working ¢a- 
pacity was evaluated at low water 
temperatures ranging between 10° and 
15° C. during the April and the Oc- 
tober survey. The data were evaluated 
between Stations 5 and 6. During the 
April survey stream flows were high 
and the water carried a heavy load of 
suspended solids in the form of silt. 
Under these conditions the purification 
capacity factor was quite low at 120 
lb. per day of ultimate B.O.D. at 
stream temperature for each 1,000 
c.f.s. per mile of stream. On the other 
hand, the purification capacity factor 
was much higher at 3,600 lb. per day 
in the October survey when stream 


flow was low and water carried only 
a minor load of suspended solids. A\]- 
though the working capacity seems 
larger than might be expected for low 
water temperatures in the October sur- 
vey, it may be that one of the chief 
factors affecting the capacity was the 
longer holding time allowed by the 
lower level of stream flow. 

Section studies conducted at moder- 
ate summertime water temperature 
(between 20° and 25° C.) showed a 
range in apparent working capacities 
from 450 to 11,800 lb. per day for 
1,000 ¢.f.s. in a mile of stream. 
For two of these section studies it was 
recognized that the stream was earry- 
ing large quantities of algal cell ma- 
terial in addition to the added sus- 
pended solids load, and an attempt 
was made to evaluate the effect of 
this loading of suspended matter by 
means of long-term and_ short-term 
B.O.D. tests on the river water which 


each 
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had been centrifuged. The effect of 
clarification of the water is shown for 
the July 26 section studies, in which 
the apparent purification capacity fac- 
tor (3,540 lb.) was determined for the 
water containing the suspended ma- 
terial as received and after centrifug- 
ing the purification capacity factor 
was found to be reduced to 2,600 lb. 
per day. The effect of the algal cell 
and suspended material was even more 
apparent in section studies made Sep- 
tember 3, 1956, when the apparent 
purification capacity factor ranged to 
11,800 lb. per day in water containing 
the algae and only 450 lb. per day in 
water from which the suspended ma- 
terial had been removed. The apparent 
effect of algae in adding to the ultimate 
B.0.D. is not yet identifiable as being 
true B.O.D. or, alternately, a result of 
algal cell respiration. 

Further section studies are recorded 
to show the apparent effect of high 
summer water temperatures on the 
purification capacity. In this case the 
capacity factor ranged from about 
1,000 Ib. per day in the Flambeau 
River to a high of 44,200 lb. per day 
for the Oconto River. The algal load 
was believed to have been rather low 
in the Flambeau River and the data 
show a lower capacity factor. Algae 
were present in the waters of both the 
Fox and the Oconto at the time of 
these two section studies. The im- 
poundment of waters is an additional 
variable bringing about the very high 
apparent purification capacity of the 
Oconto River. For this, stream data 
were collected above and below a large 
pond above a power dam which gave 
a relatively long holding time for the 
waters flowing at a rate of only 200 
¢.f.s. 

Up to the present it has not been 
possible to obtain practical data dem- 
onstrating the effect of the fermenta- 
tion of sludge beds on the purification 
capacity of a stream. Certainly the 
anaerobic fermentations taking place 
in the heavy sludge cover on some 


STREAM PURIFICATION CAPACITY 


1063 


stream bottoms can be expected to 
materially affect the over-all purifica- 
tion capacity of a stream. This effect 
may be quite small during low water 
temperatures, but in warmer weather 
gaseous fermentations serve to raise 
and mix the accumulated products of 
anaerobic fermentations. These prod- 
ucts, such as organic acids, can be 
expected to increase the B.O.D. of the 
waters in the stream. On the other 
hand, the settling out of organie mat- 
ter carried by a stream would be ex- 
pected to reduce the B.O.D. of the 
waters and there is some evidence from 
the algae data previously described to 
show that this may affect the apparent 
purification capacity of the stream. 

It is evident from previous diseus- 
sion that the lower the purification 
rate, or k, factor, the greater may be 
the load applied to the stream. Any 
factor such as limited biological activ- 
ity at lower temperatures or charac- 
istics of the waste to be oxidized which 
tend to decrease purification rate, will 
improve purification capacity and 
make possible the satisfaction of 
higher loadings. Conversely, factors 
which increase the purification rate 
make necessary the reduction of load- 
ings in order to avoid development of 
critical conditions. Naturally, these 
conclusions cannot apply at tempera- 
tures near freezing when stabilization 
of waste may result only after a period 
necessary for acclimitization of waste 
stabilizing organisms. Previous stud- 
ies have indicated that a time lag 
occurs in B.O.D. satisfaction at 0° C. 
and this oceurrence has been offered 
as an explanation of severe depletion 
of oxygen under ice cover in bays and 
impoundments. 

The limited amount of information 
obtained during these surveys does in- 
dicate that it may be possible to estab- 
lish permissible loadings to streams on 
the basis of purification capacity per 
1,000 ¢.f.s. per mile. Thus, determina- 
tions made through cross-sectioning the 
affected stretch of stream can give an 


A 


1064 


indication of conditions that will de- 
velop farther downstream. This in- 
volves determination of reaction rate 
in order to obtain ultimate demand. 
Where the point of lowest dissolved 
oxygen in the stream below the sources 
of pollution can be determined, a good 
indication of permissible loading may 
be obtained by determining the amount 
of dissolved oxygen removed by a 
known 5-day B.O.D. loading. 
More complete evaluation of these 
methods will be possible when more 
data are available. It is hoped that 
others will conduct similar studies so 
that the information on this phase of 
stream purification may be increased. 
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daily per 1,000 ¢.f.s. per mile will ap- 
parently range from 400 to 4,000 Ib., 
depending on temperature and rate of 
reaction. 

3. In heavily loaded impounded wa- 
ters the maximum purification capacity 
may reach 40,000 lb. of ultimate 
B.O.D. daily per 1,000 ¢.f.s. per mile. 

4. Permissible loading based on oxy- 
gen removed can apparently range 
from about 13 lb. of 5-day B.O.D. 
daily per c.f.s. per part per million of 
dissolved oxygen removed at water 
temperature of 24° C. to about 20 Ib. 
at 11° C. 

5. The rate constants obtained from 
heavily polluted waters indicate that 
eapacity of purification per unit time 


Conclusions ean increase five-fold in passage of the 
stream through the zone of maximum 

1. A generalized definition for oxygen depletion. 
stream purification capacity has been 6. The rate constants are of help in 
proposed. evaluating the type of loading and the 
2. In a_ heavily loaded flowing effect of varying resistance to oxida- 
stream the purification capacity in tion upon the purification capacity of 

terms of ultimate B.O.D. satisfied the stream. 
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TAFT CENTER TRAINING COURSES 


Specialized training courses have been scheduled this fall at the 
USPHS, Robert A. Taft Sanitary Engineering Center, Cincinnati, 
Ohio, as follows: 


Oct. 7-11 The Biology of Polluted Waters 
Oct. 14-15 The Bio-Assay of Toxic Wastes 
Nov. 4-8 Advanced Training in Detection 


and Control of Algae and Other 
Interference Organisms 


These courses are available to professional personnel interested 
in the particular programs for which courses are listed. Applica- 
tion forms may be obtained from the Robert A. Taft Sanitary 
Engineering Center, 4676 Columbia Parkway, Cincinnati 26, Ohio. 


30TH ANNUAL MEETING 
Make hotel reservations now—avoid disappointment! 


Hotel Statler; Boston, Mass.; Oct. 7-10, 1957 
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BIOCATALYTIC ADDITIVES IN SLUDGE DIGESTION * 


By E. A. Pearson, Chairman, J. H. Crarrs, Vice-Chairman, Gerson CHANIN, 
W. F. Garper, W. L. Henperson, R. R. Kennepy, ano J. E. McKee 


Second Report t of the Special Committee on Enzymes and Biocatalysts, California Sewage and 
Industrial Wastes Association 


A special Committee on Enzymes 
and Biocatalysts was appointed by the 
President of the California Sewage 
Works Association in January, 1954. 
The objective of this committee was to 
evaluate the use of enzymes and bio- 
catalysts in sewerage systems. The 
first report of this Committee ¢ con- 
sisted of a literature review and a sur- 
vey of plant-scale applications of bio- 
catalysts. This second report covers 


the activities of the Committee since 
the time of the first report. It sum- 
marizes the technical literature pub- 
lished during this time and reports the 
results of screening tests carried on in 
the laboratories of the Committee mem- 
bers to assess the relative merits of 
biocatalytic additives with respect to 
sludge digestion and grease liquefac- 
tion. 


I. RECENT LITERATURE 


Numerous articles have appeared in 
the technical literature since Septem- 
ber, 1954 dealing with plant scale and 
laboratory tests of various enzymes 
and biocatalytic additives. 

Grune and Sload (1) reviewed the 
literature dealing with enzymes and 
biocatalysts and reported the results 
of an extensive laboratory testing pro- 
gram dealing with a specific prepara- 
tion. The preparation consisted of a 
group of preserved living cultures of 
anaerobic organisms, together with 
their enzyme systems. Its effect on the 
anaerobic digestion of sewage solids 


* Presented at the 1957 Annual Meetizig, 
California Sewage and Industrial Wastes 
Assn.; San Diego, Calif.; May 1-4, 1957. 

t For first report of the Special Committee 
on Enzymes and Biocatalysts, see THIS JouR- 
NAL, 26, 9, 1162 (Sept., 1954). 


was discussed. Specific objectives of 
this investigation were to determine 
the effect of the additive on the rate of 
digestion and on total gas production. 
Based on comparative studies of bio- 
catalytic additive treated digesters 
(5,400 and 53,300 p.p.m. dosages) and 
untreated controls, the conclusions 
were as follows: 


1. The rate of gas production was 
not significantly altered. 

2. The total volume of gas produced 
was not increased. 

3. The methane fermentation did 
not appear to be expedited. 

4. The percentage reduction in vola- 
tile matter was less in the presence of 
the additive. 

5. In general, no significant benefits 
were attributed to the biocatalyst in 
the sludge digestion experiments. 
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Robinson and Clem (2) reported on 
the use of a biocatalyst at the Niles, 
Mich. sewage treatment plant. They 
attributed an increase in gas produc- 
tion, from 11.8 eu. ft. to more than 20 
cu. ft. per pound of volatile solids 
added, to the addition of 1.5 lb. of ad- 
ditive per million gallons of sewage 
(approximately 0.2 p.p.m. additive). 

Johnson (3) reported on the use of a 
biocatalyst at the Borger, Texas sew- 
age treatment plant and indicated that 
application of the biocatalytic additive 
to the digesters, in the amount of 15 Ib. 
per treatment, reduced the scum layer 
from 51% ft. to 2 ft. in thickness. It 
was presumed that the absence of heat- 
ers on the digesters required the addi- 
tion of biocatalytic additives (organ- 
isms) during cold weather. 

The use of biocatalysts was the topic 
of a panel discussion at the 1954 An- 
nual Meeting of the Federation of Sew- 
age and Industrial Wastes Assns. (4). 
Conflicting statements were made but 
the concensus of opinion appeared to 
be that the value of additives was ques- 
tioned by the engineers and chemists 
who cited laboratory and plant-seale 
evidence to substantiate their views. 
However, several operators and manu- 
facturer’s representatives claimed bene- 
ficial results in certain applications of 
the additives. 

Corder (5) has reported the use of a 
biocatalytic additive at the sewage 
treatment plant at International Air- 
port (Amon Carter Field), Fort 
Worth, Texas. It was claimed that the 
biocatalytic additive reduced the secum- 
layer thickness in the digester and re- 
moved grease from the walls of the 
primary sedimentation tank. Corder 
considered the additive treatment to be 
of benefit in keeping the plant clean. 

The results of a 2-yr. field test of a 
biocatalytic additive at the New Mil- 
ford, N. J., sewage treatment plant (6) 
were reported as indicating some ef- 
fectiveness of the additive in an over- 
loaded digester. However, it was re- 
ported also that during a 5-month test 
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period with the additive, the pH of 
the sludge never was above 5.4, lime 
was not used, and the tank contents 
were never warmer than 60° F.; yet, 
the digested sludge withdrawals from 
the treated digester were fewer than 
those during the corresponding period 
of the previous year. 

The effect of enzyme preparations on 
the fermentation of sewage sludge has 
been investigated in Europe. Vrijburg 
(7) studied the effect of a Swiss en- 
zyme preparation mixed with sewage 
sludge and coneluded that it did not 
have any effect on gas formation in 20 
days. 

Wells and McKinney (8) reported 
the results of a 12-week, plant-scale 
study of the effect of addition of a 
particular biocatalyst on sludge diges- 
tion. Two overloaded digesters were 
operated in parallel, one treated with 
additive in accordance with the manu- 
facturer’s recommendations and the 
second as a control. As a result of 
their studies, they concluded that: 


1. No significant reduction in seum 
was noted in the additive-treated di- 
gester. 

2. No significant changes were noted 
in the pH, total solids, and volatile 
solids of the supernatant liquor or di- 
gested sludge of the additive-treated 
digester. 

3. A solids balance failed to reveal 
any marked improvement in digestion. 

4. The experimental data supported 
the ‘‘a priori’ reasoning of Heukele- 
kian and Berger that the addition of 
bacterial cultures and enzymes to sew- 
age solids cannot result in material 
improvement in digestion. 


Reid and Imel (9) reported the re- 
sults of a field study to determine the 
effectiveness of a biocatalytic additive 
for odor control in a sanitary sewer 
system. They concluded: ‘‘The re- 
sults herein indicate possible improve- 
ment but statistically the data do not 
provide a clear enough departure to 
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authors to draw definite 
without further study.”’ 
Data were presented that appeared 
to indicate the biocatalytic additive 
may have had the immediate effect of 
increasing the grease, the settleable 
solids content and bacterial plate 
count. However, the gross variation 
in the data and absence of control 
and statistical studies substantiates the 
statement regarding the inability to 
draw any definite conclusions from the 
results. 

The literature on enzymes and bio- 


enable the 
conclusions 
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catalytic additives appears to fall into 
two general categories. One category 
includes the results of controlled tests 
in which little if any evidence of bene- 
ficial effects of enzymes or biocatalytic 
additives has been reported. The sec- 
ond category includes reports on lim- 
ited plant-seale or field tests in which 
apparently, with only one exception, 
there have been no parallel control 
tests which would permit a statistical 
evaluation of the effect of additives 
independently of the effects of changed 
operating methods or procedure. 


II. LABORATORY EVALUATION 


Two simple laboratory testing pro- 
cedures were selected as a basis for 
evaluating the relative merit of bio- 
catalytic additives in waste treatment. 
It is recognized that an infinite variety 
of test procedures might be employed, 
ranging in character from research on 
enzyme systems and enzyme activity 
to crude tests to determine the over-all 
effect of biocatalytic additives. How- 
ever, it was concluded that if a labora- 
tory test was to be of maximum utility 
it had to meet two basic criteria: 


1. The test or procedure had to be 
relatively simple so that it could be 
performed in any sanitary chemical 
laboratory with a minimum of man- 
hours. 

2. The results of the laboratory test 
procedure should be as directly appli- 
eable to plant-scale practice as pos- 
sible. 


The two of the most common claims 
of manufacturers of biocatalytic ad- 
ditives are that additives have a bene- 
ficial effect in sludge digestion and 
that they also have the ability to 
liquify grease. Therefore, it was de- 
cided to set up two screening tests. 
One test would deal with the effect of 
the additive on a heavily loaded di- 
gester and the second would be con- 
cerned with the ability of the additive 
to liquify grease. 


Each of the laboratories represented 
by members of the special committee 
agreed to conduct the screening test 
for all additives which were currently 
commercially available in California. 
Samples of five different biocatalytic 
additives were procured from the 
manufacturers and were subjected to 
the screening test. 


Sludge Digestion Experiments 


Methodology 
The sludge digestion experiments 
consisted of gallon jug _ digesters 


charged with a mixture of 50 per cent 
raw and 50 per cent digested sludge 
taken from a conveniently located 
plant to simulate a heavily loaded di- 
gester. 

Twelve bottle digesters were incu- 
bated at 90° to 95° F. for a 21-day 
period by each of the participating 
laboratories. These included two con- 
trols containing no additive and two di- 
gesters with two different additive 
doses (one with 20 mg. per liter of ad- 
ditive and the second with 200 mg. per 
liter of additive) for each of the five 
biocatalytic additives available. 

The original sludge mixture and 
each of the 12 bottles at the end of 
21 days were analyzed for the follow- 
ing characteristics: (a) pH, (b) 
alkalinity, (c) volatile acids, (d) 


a 
A 
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TABLE I.—Sludge Characteristics of Untreated Digesters (Controls) * 


Alkalinity | Volatile Acids Soli Volatile 
Additive pH (mg./1. as Solids Volatile 
(Laboratory acetic) (%) 
Cod Reduction 
(%) 


| 
Initial) Final | Initial! Final | Initial) Final 


Initial} Final | Initial) Final | Initial) Final 


A 6.2 | 7.7 | 3155 | 6090 | 920} 180} 9580 | 1505 | 6.66 | 4.93 | 4.07 | 2.61 36.6 
B 6.8 | 7.7 | 2075 | 4012; 398) 112) 9275 | 3150| 5.91 | 4.35) 3.70} 2.14) 42.1 
C 6.5 | 7.2 | 1150 | 2625 | 1375 | 5850 | 4790 | 6.13 | 5.23 | 3.33 | 2.69 19.4 
D 7.4 | 7.3 | 1170| 2420] 1050! 300| 1396| 415] 2.72 | 2.09| 1.42 | 0.84 41.3 
E 6.8 | 7.5 | 2200 | 4520) 106| 9115 | 3436 | 4.38 | 2.86| 2.95 | 1.50] 48.9 


F 7.1 | 6.8 | 1660 | 3875 | 305 | 3055 
Avg. 6.8 | 7.4 | 1902} 3923] 786 


1200 | 950) 3.97 | 2.75 | 2.86 | 1.80} 37.1 


6069 2375 | 4.96 3.70 | 3.05 | 1.93) 37.6 


* Initial digester charge 50 per cent raw and 50 per cent digested sludge by volume and in- 
cubated at 90° to 95° F. for 21 days. Each value represents the average of four analyses on two 
digester control bottles (two duplicate analyses of each). 


grease, and (e) total and volatile sol- 
ids. 

To maintain maximum objectivity, 
the biocatalytic additives were coded 
before distribution to the committee 
member laboratories and were known 
to them by code designation only. 
Similarly, the laboratories reporting 
analytical data are also designated by 
code. 


Results 


Table I is a summary of the initial 
and final characteristics of the un- 
treated (control) digesters employed 
at and reported by each of the member 
laboratories. Considerable variation 
may be noted in the characteristics of 
the initial and final sludges. This is 
what might be expected of sludges 
taken from six different sources. In 
general, the results of the control di- 
gestion series appear to be typical of 
what might be expected in conven- 
tional sludge digestion. 

Table II summarizes the character- 
istics of the sludges treated with bio- 
catalytic additive in comparison with 
untreated sludges (controls) as ob- 
served at the end of the 21-day diges- 
tion period. The data developed at 
the six laboratories are summarized for 
each characteristic, and compared to 
the corresponding value for the con- 
trol digesters for each biocatalytic ad- 


ditive and dosage level. The average 
per cent of data (with plus deviation 
from the control), the over-all range 
in deviation from control, and the aver- 
age deviation from the control for each 
characteristic, biocatalytic additive, 
and dosage level are included. 


Interpretation of Results 


1. pH. Inspection of Table II re- 
veals that only 39.2 per cent of the 
60 additive-treated digesters showed 
an increase in pH as compared to the 
control; however, the average net 
change was an increase of 0.6 per cent. 
It is apparent that the change in pli 
was not significant in view of the vari- 
ation (range from — 9.1 to + 7.1 per 
cent) in the data. 

2. Alkalinity. Approximately 51 per 
cent of the 60 additive-treated di- 
gesters reported lower terminal alka- 
linities than the controls; however, the 
average net per cent decrease was only 
0.7 per cent which is not a significant 
difference. 

Additive H, at the 200 mg. per liter 
dose, showed an average increase in 
alkalinity of 3.6 per cent which is of 
questionable significance. 

All other additives, including H at 
the 20 mg. per liter level, definitely 
indicated that there were no significant 
differences between additive-treated 
and untreated digesters. 
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If significant changes in alkalinity 
had occurred this might have indicated 
increased stabilization of proteins in 
the sludge because of the relation of 
the ammonium ion and alkalinity. No 
such changes were observed, however. 

3. Volatile Acids. The effect of bio- 
catalytic additives on digesting sludge 
appears to be most marked in the con- 
centration of volatile acids in the sludge 
mixture. Table II reports the over-all 
average increase of volatile acids in 
the additive-treated digesters to be 172 
per cent of the volatile acid concen- 
tration in the control. All biocatalytic 
additive-treated digesters, except B 
and C at the 20 mg. per liter dose level, 
showed an increase in volatile acids and 
the decrease with additives B and C 
was relatively small. Moreover, at the 
200 mg. per liter additive dose level, 
an increase in volatile acid content was 
observed. 

Under the conditions obtaining in 
these digestion studies, the additives 
appeared to cause a significant increase 
in the volatile acid level in the di- 
gesters. 

4. Grease. Inspection of Table II 
reveals that 67 per cent of the 60 
biocatalytic additive-treated digesters 
showed higher grease concentrations 
at the end of the digestion period than 
that observed in the 12 control di- 
gesters. The over-all average per cent 
increase in the residual grease concen- 
tration was 22.4 per cent which may 
indicate a significant difference. All 
additive-treated sludges showed a 
higher residual grease concentration. 

It is interesting to note that the ad- 
ditive-treated digesters showed higher 
residual grease concentrations than the 
untreated digesters; a finding in direct 
opposition to the frequent claims of 
grease digestion attributed to the bio- 
catalytic additives. 

5. Volatile Solids Reduction. A com- 
parison of the volatile solids reduction 
in the additive-treated digesters with 
that of the controls is presented in 
Table II. Essentially one-half (49.7 
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per cent) of the additive-treated di- 
gesters showed higher values of volatile 
matter reduction than the controls. An 
average increase in the volatile solids 
reduction of 0.2 per cent was observed 
in the additive-treated digesters; how- 
ever, such a slight increase is obviously 
not significant statistically because of 
the gross variation in the data (from 
— 40.6 per cent to + 45.9 per cent). 

Sludges treated with additives B and 
C showed, respectively, matter reduc- 
tion of 6.6 to 4.3 per cent and 1.2 to 
10.0 per cent greater than that of the 
controls. Again however, it is doubt- 
ful that the differences are significant 
in view of the variation in the data. 


Gasification Rate 


Figure 1 reports the results of ob- 
servations made of the rate of gasifica- 
tion for two control digesters as well 
as for two of the pairs of additive- 
treated digesters (one 20 mg. per liter 
and the other 200 mg. per liter). 
Available equipment limited gas-pro- 
duction rate studies to additive B- and 
C-treated digesters only at one labora- 
tory. Figure 1 indicates little if any 
significant difference in the rate of 
gasification for the controls and the 
digesters treated with additive C. In 
fact, the rate of gasification of the 
control pair was the highest for the 
first two days of batch digestion. The 
total quantity of gas produced in 21 
days was the same for the control and 
additive C digester. 

The rate, as well as the total quan- 
tity of gas produced, was significantly 
higher for the control and additive C 
digester than that of the additive B 
digester. 


Grease Liquefaction 


A simple laboratory test procedure 
was employed in an attempt to assess 
the ability of biocatalytic additives to 
liquefy grease, which is one of the 
major claims made for applications of 
additives. 
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FIGURE 1.—Comparison of gasification rates of two pairs of additive-treated digesters 
and two control digesters. 


A vegetable shortening * was selected 
as a test material since it was consid- 
ered representative of the ‘‘digestible 
grease’? normally present in domestic 
and sludge. The shortening 
was added in known volume or weight 
to 100-ml. graduated eylinders or to 
weighed and allowed to 
solidify. To each of the grease sam- 
ples, 40 ml. of fresh sewage plus 40 mg. 
of an additive (200 mg. per liter of 


sewage 


beakers 


additive concentration) were added 
and the samples were incubated at 
room temperature for 21 days. At the 


end of 21 days the liquid portion was 
poured off and the remaining ‘‘solid’’ 
grease was dried. The amount of 
grease liquefied was then determined 


* Crisco. 


volumetrically by adding water to 
reach a given volume in the graduated 
eylinder, or the weight of the remain- 
ing 
metrically. 


‘‘erease’’ was determined gravi- 
Results indicated that, un- 
der the conditions of the test, no grease 
liquefaction observed with the 
sewage controls with any of the 
additive-treated sewage samples at any 


was 


or 


of the member laboratories. 
Photographs were taken of the test 
samples at the start and end of the 
test. All photographs submitted were 
similar. In all cases an apparent 
grease layer appeared on the liquid 
surface of the samples incubated at 
each laboratory. However, there was 
no measurable grease liquefaction. In 
fact, in a series of samples exposed 
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TABLE III.—Summary of Lipase Activity Tests * 


= 
} Biocatalytic Additive 
Date Digesting 
(1956) Sludge 
A B | Cc G H i 
Mar. | 
21 11.5 5.7 4.2 | 4.2 3.8 4.7 
22 7.0 0.8 0.5 None 1.0 0.4 
23 9.6 None 0.3 None 0.5 0.2 
26 78 2.6 None None - 
27 | 36.8 None None None None None 
Apr. | | 
2 | 66.0 None None None _- ~- 
* Measured as milliliters of N/50 NaOH required for titration. 


in beakers (large surface area to vol- 
ume relationship) in which initial and 
final grease was determined on the 
analytical balance, there was a signifi- 
cant gain in weight (0.05 to 0.30 g.) 
in all except one sample. This may be 
explained by the development of algae 
growths in the samples and their ad- 


1. The lipase activity of digesting 
sludge varies greatly from time to time. 

2. There was little or no lipase ac- 
tivity in any of the additives under 
test conditions. The only significant 
amount of activity observed was on 
March 21. The reason for this is not 
evident but it may have been due in 


herence to the grease and beaker pre- part to the testing procedure em- 
venting decantation with the liquid. ployed. 
It must be concluded that grease 


liquefaction did not occur or was neg- 
ligible under the test conditions im- 
posed. As a result of these studies 
it appears highly questionable that sig- 
nificant grease liquefaction would oc- 
cur in grease traps or sewers where the 
character of the grease is probably 
more resistant to biological degradation 
than the grease employed in the lab- 
oratory studies. 


Lipase Activity 


A special series of tests were con- 
ducted to evaluate the fat splitting 
(lipase activity) of the biocatalytie ad- 
ditives. The lipase activity of both 
digesting sludge and the different ad- 
ditives was measured by incubating, at 
37° C. for 24 hr., these substances with 
an olive oil emulsion and measuring 
the amount of fatty acid liberated. 
Table III presents a summary tabu- 
lation of the results obtained in these 
experiments. 

From the data, it appears that: 


To test these findings -under some- 
what more normal operating condi- 
tions, the following tests were per- 
formed: 


1. The lipase activities of digesting 
sludges were measured as in the pre- 
vious experiment. The lipase activities 
of inactivated digesting sludge (inacti- 
vated by autoclaving) were also meas- 
ured in the same manner. It was 
found, as expected, that the lipase ac- 
tivity of the sludge was destroyed by 
heat. 

2. The lipase activities of digesting 
sludges to which the various agents 
had been added were then compared 
with those of the same mixtures with 
inactivated sludges. The activities of 
the sludges plus additives were no 
greater than that of the sludges alone. 
This indicates that, as employed in the 
field, the use of additives would have 
no additional effect on the decompo- 
sition of fat and oil. One fact is still 
to be explained, however. The activi- 
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ties of the mixtures of additives plus 
inactivated sludge plus olive oil were 
ereater than in the mixtures of just 
additives and olive oil. This might re- 
flect the need for the buffering capacity 
of sludge in the earlier test systems. 
If true, this would modify the early 
test procedures used. 


Conclusions 


In summary, the results of the com- 
mittee laboratory studies parallel the 
observations reported in the literature 
on carefully controlled plant and lab- 
oratory investigations. Beneficial ef- 
fects reported in technical literature 
are not supported by careful analytical 
and operational control 
which would permit evaluation of the 


procedures 
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tion. Therefore, the committee con- 
cludes that the biocatalytic additives 
tested had no significant beneficial ef- 
fect on sludge digestion or grease 
liquefaction. The only effects noted 
that may be significant were, in fact, 
deleterious; 7.e., a decrease in grease 
digestion and an increase in volatile 
acids production. 
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WHAT TO KNOW ABOUT HOSE * 


By F. P. 


MuURKEN 


Quaker Rubber Corporation 


The most important consideration is 
to get the most from industrial hose. 
Therefore, it becomes necessary to se- 
lect the correct hose for the job. Many 
users will buy mainly on price without 
taking into consideration the many 


a * Condensed from Porter People, Products 
and Places, 1, 3 (Nov., 1954). 


special types of hose for special appli- 
cations. 

The standard rubber hose consists 
of an inner tube, a carcass of fabric or 
cord (in some cases, wire), and a cover. 
The inner tube, depending on the com- 
position of the rubber, determines the 
usage of the hose. The type and num- 
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ber of plies of the reinforcement limits 
the pressure that the hose will stand. 
The cover is designed to withstand the 
external conditions under which the 
hose will be used. 


Factors of Proper Hose Selection 


1. Material to be carried—If the 
material is a petroleum product an oil- 
resistant hose should be specified. If 
acids are to be conveyed the chemical 
resistance of the hose must be checked. 
When in doubt, specify the type of 
acid to be handled. 

2. Temperature—The temperature 
of the material to be handled and the 
ambient temperature should be consid- 
ered. High and low temperatures 
must be compensated for by special 
construction features and rubber com- 
pounds. 

3. Working pressure—Stay within 
the working pressure recommended for 
the product. Some hose will handle 
extra pressure for a short period but 
may fail suddenly and unexpectedly, 
with damage to equipment and injury 
to personnel. 

4. Service—Severe service condi- 
tions call for abrasion-resistant covers. 
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Some examples are eonstruction work, 
quarries, chemical plants, mines, and 
heavy industrial manufacturing. 

5. Capacity—The inside diameter of 
the hose determines the carrying ca- 
pacity. Too small a diameter will not 
handle the volume required, while too 
large a diameter means lower pressure. 

6. Coupling—One of the most im- 
portant parts of a hose system is the 
coupling. The best hose cannot oper- 
ate with incorrect or improperly ap- 
plied couplings. The couplings should 
be placed and inserted properly, and 
the clamps securely tightened. 


Preservation of Hose 


When hose is not in use it should be 
stored out of the sun, flat on the floor 
in large diameter coils to avoid kink- 
ing. The hose should be kept away 
from hot pipes, stoves, and hot pieces 
of equipment. If contact with hot 
metal cannot be avoided protect the 
exposed areas with asbestos. For tem- 
porary storage the hose can be hung on 
wall brackets. Supports should be 
thick and in sufficient number to pre- 
vent sharp bends, in order that the 
hose will not be subjected to excessive 
distortion. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*Blessed are they who go around in circles, for they shall be called big wheels.’’—Anon. 


Attention operators! 


Washington 16, D. C. 


It will be appreciated if copies of all annual reports of both large 
and small sewage and industrial waste treatment plants are sent to the Federation office 
for abstracting in this section of the Journal. 
Operator’s Corner, SEWAGE AND INDUSTRIAL WasTEs, 4435 Wisconsin Ave., N.W 


Please direct annual reports to: The 


Report of the Racine, Wis., Sewage Treatment Plant for the 
Years 1955 and 1956* 


Tuomas T. Hay, Superintendent 


The volume of sewage ranged from 
14.745 m.g.d. in 1955 to 14.088 m.g.d. 
in 1956. Although these flows ex- 


* For last previous extract see THIS JouR- 
NAL, 27, 12, 1415 (Dee., 1955). 


ceeded the design capacity by approxi- 
mately 20 per cent they averaged 65 
per cent less than the maximum yearly 
flow of 1951. The construction of 
storm sewers has been the principal 
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factor in reducing the sewage flow. 
The removal efficiencies are in the 
range considered good for a primary 
treatment plant, and warrant delaying 
plans for additional clarifier facilities 
until the reduction in flow, due to the 
program of storm water separation, 
fails to keep step with the growth of 
the city. 

Operating conditions were near nor- 
mal, although some interruptions and 
adjustments were necessary due to the 
construction program. 


Construction Program 


The construction program moved 
forward with the completion of the 
No. 4 digester, the additional sludge 
drying beds, the heat exchanger, con- 
trol house, screen room, and other ap- 
purtenances. Three new lift stations 
were also completed and service initi- 
ated. 

Cost of the plant construction pro- 
gram was financed by suitable appro- 
priations in the city budget. Bonding 
was not resorted to; in fact there is no 
bonded debt on the sewage treatment 
plant. 

On August 30, 1955 the new digester 
(No. 4) was put into service. This 
digester doubles the available digester 
volume and is to be used for secondary 


digestion. Two months later it was 
discovered that the three auxiliary 


sludge withdrawal lines did not fune- 
tion because of leaks. Repairs by the 
contractor were delayed until March, 
1956. 

Considerable difficulty was experi- 
enced in the emptying of this digester. 
A piece of broken concrete was acting 
as a flap valve on the end of the pump 
suction line, thereby making it im- 
possible to effectively pump out the 
sludge. By the end of May the tank 
was finally emptied and repair work 
begun on the broken pipes. Two of 
the drawoff pipes were broken inside 
the digester, due to the supporting 
pilasters slipping and overturning. 
They had not been doweled to the 
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floor. The digester was returned to 
service at the end of July. 

Installation of the new pump in 
Lift Station No. 1 was delayed when 
the 8 m.g.d. unit was dropped and 
totally wrecked by the contractor prior 
to its installation. A replacement was 
ordered and installed by January, 
1956. When the new pump was 
started there was excessive vibration, 
a hot bearing, and trouble in the elee- 
tric system. The pump and motor 
were properly lined, the relay was re- 
paired and the proper diameter im- 
peller was installed. In July the dis- 
charge force main from this station 
was broken and repairs were made 
under emergency orders. 


Plant Operation 


The B.O.D. of the raw sewage was 
155 p.p.m. in 1956, the highest it has 
been since 1944 and 56 p.p.m. higher 
than the preceding two years. It was 
145 p.p.m. in 1953. There also was an 
increase in the suspended solids, both 
in 1955 and 1956, over the year pre 
ceding. The present solids load (199 
p.p.m. in 1956) is 7 per cent over the 
average of the years 1938—49 inclusive 
The increase in sewage strength is pri- 
marily in the settleable solids and 
B.O.D. The program of storm water 
separation has reduced the dilution 
factor in the sewers. 

Per capita flow was 192 gal. in 1955 
and 168 gal. in 1956; the reduction in 
the latter flow is attributed to the 
break in the force main from the No. 1 
lift station. 

The solids and volatile matter loads 
to the primary digesters and the cor- 
responding gas production were: 


Volatile Gas* 

Solids Matter (cu.ft./lb. of 

Ib./cu Ib./eu. vol. matter 
Year ft./day) ft./day) added) 
1955 0.136 0.070 6.47 
1956 0.142 0.068 5.46 


* Primary digester only ; primary and second- 
ary digester totaled 6.55 cu. ft. 

-ainting schedules were set up to 
utilize all available labor, since there 


fig 
23 
=. 
2 
3 


Vol. 29, No. 9 


TABLE I.—Summary of 1955 and 1956 Operation Data at the Racine, Wis., 
Sewage Treatment Plant 


Item 
Total rainfall (in.)....... 
Population: 
Connected......... 


Equiv., B.O.D..... 
Equiv., susp. sol......... 
Sewage flow (m.g.d.)......... 
Per cap. sewage flow (gal.)... 
Total solids: 
Influent (p.p.m.).. 
Effluent (p.p.m.).. 
Reduction (%).... 
Settleable solids: 
Influent (ml. per liter). 
Effluent (ml. per liter). 
Reduction (%)..... 
pH: 
Influent.. 
Effluent....... 
Suspended solids: 
Influent (p.p.m.).. 
Effluent (p.p.m.) 
Reduction (%) . 
B.O.D., 5-day: 
Influent (p.p.m.) 4 
Effluent (p.p.m.). 
Reduction (%) 
Chlorine demand: 
Raw (p.p.m.) 
Effluent (p.p.m.) 
Raw sludge to digesters: 
Gal. per day. 
Dry solids (%)...... 
Dry solids (Ib. per day) 
Volatile solids . 
Digested sludge : 
Digested solids to beds (Ib. per day) 
Per cent solids 
Volatile solids (%) 


Analysis of dry sludge (“%): 


P20s.. 

K,O. 

Grease. 

Humus.... 

Moisture. . 
Gas, cu. ft. per capita per day. . 
Gas, cu. ft. per lb. vol. 
Operating costs ($): 

Total 

Per capita... .. 

Per m.g. 


was more painting to be done than 
there was help available. 

Most maintenance was of a preven- 
tive nature. New sprockets, flights, 
shafts, and track were installed in 


EXTRACTS FROM OPERATION REPORTS 


Average 
1955 1956 
15.37 17.51 
— 76,000 77,000 
71,900 105,400 
101,500 105,000 
14.745 14.088 
192 168 
697 696 
575 562 
18 19 
3.52 4.07 
0.25 0.24 
93 94 
7.68 7.60 
7.76 7.63 
177 190 
71 70 
60 63 
99 155 
61 81 
38 48 
7.45 5.86 
7.10 5.59 
27,024 29,086 
7.57 7.28 
17,388 18,079 
53 51 
6.69 6.97 
886 1,991 
18.04 18.46 
34 32 
7.19 6.99 
1.65 1.35 
2.37 2.44 
0.33 0.27 
4.08 3.34 
36 33 
7 11 
0.718 0.70 
6.47 6.55 


106,890.15 
1.42 
20.02 


108,117.27 
1.39 
23.08 


the grit channels. Replacement of a 
sprocket, some flights, and several 
shoes was made in clarifier No. 1. Gas 
and flow meters were overhauled when 
necessary, one of the original boilers 
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was replaced, and three new garage 
doors were installed. 

Valves in the sludge lines to di- 
gesters Nos. 1, 2, and 3 were replaced 
with plug valves. 

Lift Stations 

The addition of three pneumatic lift 
stations to the system increased the 
the lift operators. 
Since this was new equipment, the op- 


work of station 
erators had to become acquainted with 
its various features. 

There has been some difficulty in 
getting the equipment to operate 
properly in the new lift stations (Nos. 
4, 5, and 6) and in the stations on 
which alterations were made (Nos. 1 
and 3). The Alemite oil mist lubri- 


By C. 


Industrial Division, 


Although most flow applications in- 
volve the measurement of liquids 
through closed conduits or pipes, there 
are many where flow through 
open channels must be measured. In 
making such a measurement, a _ pri- 
mary device is used which is acted on 
directly by the liquid to produce a 
changing head. This head is measured 
float-actuated that 
converts head to equivalent flow read- 
either 


cases 


by a instrument 


ings in terms of volume or 
weight units. 

This article will be confined to the 
fully contracted sharp-edged weirs and 
the Parshall flume, and will 


general 


include 
information on calculations, 


dimensions, and installation. 


Weirs 


The sharp-edged weir (Figure 1) is 
the most accurate and simple method 
of measuring liquid flow in open chan- 
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eators on the pneumatic equipment re- 
quired a great deal of service. 


Personnel 


Operations were nearly normal in 
1956 due to the completion of construc- 
tion work and the seasoning of the per- 
sonnel who had entered service in 
1954. The efficiency and smoothness 
of plant operations were greatly im- 
proved. 

Salaries for all personnel were ad- 
justed upwards in accordance with in- 
responsibility and the infla- 
tionary trend of the times. Salaries 
in 1956 accounted for 71 per cent of 
the operating cost, an increase of 5 
per cent over 1955. 

A summary of the 1955 and 1956 
operating data is given in Table I. 


creased 


OPEN CHANNEL FLOW MEASUREMENT 


F.. Cusick 


Philadelphia, Pa. 


nels when conditions are favorable. It 
requires a stilling chamber or weir box 
on the upstream side. If the measured 
liquid carries entrained solids, these 
solids will accumulate in the stilling 
section and must be removed periodi- 
eally or the accuracy of measurement 
will be affected. 

For the best results, the stilling sec- 
tion should be large enough to insure 
that the liquid will approach the weir 
in a smooth stream, with no eddies, 
and with a mean velocity of not more 
than 0.5 f.p.s. 

The weir must be at a right angle 
to the direction of flow, and the up- 
stream channel must be straight for a 
distance of at least ten times the width 
of the weir crest, w. The upstream 
face of the weir plate must be flat and 
reasonably smooth. Bolts or rivets 
used to fasten the plate to the bulk- 
head should be countersunk so that 
they are flush with the face of the 
plate. 


Rectangular Weir 


Cippotetti Weir 


Welr box with 
V notch weir 
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V-Notch Weir 
Assuming a constont coefficent 
a*90° 
o*60° Q:142H2-44 
A-Length of box upstream from Weir notch (A> |Our or |ON) 
B-Total width of box (2c+ur orN) 
C-End of crest side of boxcontraction) (C>2.5H) 
D-Crest to bottom of box (D> 2.5H) 
E-Total depth of box (0+H+0 20H) 
F-Goge Distance (At lecst 3or4 feet 
H-Head (feet) 
*K-Length of box downstream from Weir notch 
MSide contraction 
N-Width of V notch ot head H 
Q-Flow (cubic ft/sec) 
wr-Width of Weir crest or sill (feet) 
@-Angulor outword slope of notch 
= K- Equols ur orN, if width is 4feet or greater and 
Increases from about | 5ur or N to 2.5uror 
N for widths from 3 to | feet. 


FIGURE 1.—Various types of sharp-edged weirs. 


The crest and sides of the weir notch 
should not be more than %% in. thick. 
Where thicker plates must be used, the 
edges should be beveled at an angle 
of 45° or more to the required 14-in. 
thickness. 

To avoid submergence of the weir, 
the crest must be located higher than 
the maximum possible downstream ele- 
vation of the liquid surface. The 
height of the crest above the bottom 
of the upstream stilling section must 
be at least 2.5 times the maximum 
head to be measured. The distance 
from the sides of the weir notch to the 
sides of the stilling section must also 
be at least 2.5 times the maximum head. 

The distance, F (Figure 1), from 
the weir to the place where the head is 
measured should be sufficient to pre- 
vent any effect from the downward 
eurve of the water surface. When a 
float-actuated flow meter measures the 
head, a still well should always be 
used. A still well is a length of pipe, 
having an inside diameter at least 1 
in. greater than the diameter of the 
flow meter float, installed vertically 
alonside the weir box. It must ex- 


tend about 1 ft. below the zero head 
elevation and rise up to a point about 
6 in. above the maximum water level. 
The still-well pipe is then connected 
to the weir box by means of a cross- 
over connecting pipe, at least 34 in. in 
diameter. 


Rectangular Weir 


The rectangular weir was probably 
the earliest weir used. Because of its 
simplicity and ease of construction, it 
is the most popular. Usually it is used 
in conjunction with a float-actuated 
flow meter to measure flows ranging 
from 0 to 250 g.p.m. to 10,000 g.p.m. 


Triangular or V-Notch Weir 


Triangular or V-notch weirs have a 
greater practical flow range than other 
types of weirs of the same size. The 
V-notch weir is not ordinarily used 
for flows greater than 0 to 2,000 g.p.m. 
When used with a float-actuated flow 
meter, it can handle flows as low as 
0 to 150 g.p.m. 


Cipolletti Weir 


As shown in Figure 1, the Cipolletti 
weir is a trapezoid whose sides slope 
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Note: 


LEGEND 
A= Length of side wall 


C= Width of downstream end 
D= Width of upstream end 
E= Depth of flume 

F= Length of throat 

G= Length of crest 


at the rate of one horizontal to four 
vertical. This side slope is an approxi- 
mate correction for the side contrac- 
tions of the nappe or overfalling sheet 
of water, and the flow is proportional 
to the length of the weir crest, w. The 
Cipolletti weir has the same flow range 
as the rectangular weir. 


Parshall Flume 


The Parshall flume is a primary de- 
vice normally used where the flowing 
liquid may carry excessive solids or 
sediment, where there may not be a 
sufficient head of water for free flow, 
or where it is impossible to construct 
a stilling section of adequate size up- 
stream. The Parshall flume can handle 
flows of 0 to 150 g.p.m. and greater. 

A Parshall flume (Figure 2) in- 
cludes a converging upstream section, 
a throat, and a diverging downstream 
section. All sections have vertical side 
walls and the floor is inclined down- 
ward in the direction of the line of flow. 
The discharge through a flume is con- 


FlOW—= | Ht | 
= = 
if Le pon 
3 Thote 
t Angle-lron Crest 
SECTION A-A 


B= Axial Length (Converging section) 


Hu Must be measured ato distance 
£A upsteam from the throat inlet 


K= Difference in elevation between 
lower end of flume and crest 

M= Length of approach floor 

N= Depth of depression in throat 

ur=Throat width 

Hu=Upper head 

Hd=Lower head 


FIGURE 2.—Cross-section diagram of a Parshall flume. 


sidered free-flow when the liquid ele- 
vation downstream from the throat is 
low enough to prevent the flow from 
being retarded by the effect of the 
back water. When this downstream 
liquid elevation is sufficiently high to 
affect the rate of flow, the critical 
point of submergence is reached and 
a eondition of submerged flow exists. 

As the degree of submergence in- 
creases, the rate of discharge decreases. 
If the ratio of the two heads H, and 
H, is 0.6 or less for flumes up to 9 in., 
and 0.7 for 12-in. flumes and larger, 
the discharge is considered to be free 
flow. If the ratios exceed these values, 
a condition of submerged flow occurs. 

With free flow, the actual flow is a 
function of H, alone. With submerged 
flow, it is a function of both H, and 


H,. A flume is designed for free flow 
when a float-actuated flow meter is 
used. 


Flow Calculations 


The general equation for determining 
the flow through a weir or flume is: 


Q = Kw H" 


q 
3 
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In which 
Q= 


K = Constant, depending on type 
of weir or size of flume; 


Rate of flow, c.f.s. ; 


Width of weir or flume, ft. ; 


ll 


| 


= Maximum head of liquid, ft. ; 
and 


n = An exponent depending on 
type of weir or size of flume. 
For a rectangular weir, the equation 
is: 
Q = 3.33 (w — 0.2H*) H' 
*0.2H is applicable only when w is 
greater than 3 H. 


For triangular notch weirs, the equ- 
ations are: 


Q = 2.49 H*47® (for a 90° V-notch) 
Q = 1.42 H? (for a 60° V-notch) 
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For a Cipolletti weir, the equation is: 
Q = 3.37 w 


For Parshall flumes, the following 
constants apply: 


Throat Width, w 
(ft.) 


K n 
3.97 0.25 1.547 
4.12 0.50 1.580 
4.09 0.75 1.530 
4.00 1.0 1.522 
4.00 1.5 1.540 
4.00 2.0 1.550 
4.00 3.0 1.566 
4.00 4.0 1.578 


For conversion purposes: 


Gallons per minute (g.p.m.) 
= (448.84) X flow (c.f.s.) 


Gallons per hour = (26,930) 
X flow (c.f.s.) 
Gallons per day = (646,320) 


X flow (c.f.s.) 


Recording 
Integrating} / 
flow meter Pulley 
| 
Counterweight 
Pulley cable 
to float —_, | 
Maximum 
head 
Minimum 
head 
inter-connecting line 
Still well Flume or weir box 


FIGURE 3.—Diagram of a float-actuated flow meter. 
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Meter Application 

The float-actuated flow meter (FKig- 
ure 3) may be used in conjunction 
with either weirs or Parshall flumes to 
measure the rate of flow. If desired, 
the meter can be designed to integrate 
(totalize) the flow and also transmit 
the flow record to a remote point. The 
flow of liquids, such as sewage, in- 
dustrial wastes, chemical slurries, and 
irrigation water can be measured with 
this type of meter. 

The flow meter consists of a 
cylindrical or spherical float which 
rides on the surface of the liquid in 
the still well. The float is connected 
to a pulley, mounted on the back of 
the instrument case, by a stainless steel 
cable with a counter weight. The 
pulley rotates a cam, which is designed 
to extract the non-linear or exponential 
relationship between the head of liquid 
and the flow rate. A cam follower 
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arm ‘‘follows’’ the contour of the ex- 
ponential cam. This arm is connected 
to the instrument pen or pointer by 
a suitable linkage, resulting in a linear 
recording or indication of the flow 
rate. 

The pen or pointer can be connected 
by a suitable linkage to an integrating 
mechanism which will totalize the flow 
on a direct reading counter. If a rec- 
ord and integration is desired at a 
remote point from the weir or flume, 
the instrument can be equipped with 
a transmitter unit which will then 
transmit a signal proportional to the 
flow. This signal will cause the flow 
to be recorded on a remote receiver 
type instrument. 

The float-actuated flow meter can 
measure liquid heads from 0 to 6 in. 
to 0 to 30 in. Suitable cams are 
available to handle flows over the vari- 
ous weirs and the Parshall flume. 


TIPS AND QUIPS 


Report on Training Public 
Works Employees 


An excellent 51-page special report, 
titled ‘‘Training and Development of 
Public Works Employees,’’ has re- 
cently been released by the American 
Public Works Association. 

The report discusses the lack of suf- 
ficient attention to the training and 
development of employees and sug- 
gests several types of training pro- 
grams that might be used advantage- 
ously. 

Chairman §. G. Gentile of the spe- 
cial APWA committee, which prepared 
the report, commented as follows on 
the committee work and its findings: 


**Special attention was given to the 
problem of recruiting competent per- 
sons to fill important positions within 
public works organizations. Inade- 
quate salaries and the lack of well- 
established career lines are two of the 


major obstacles that must be overcome 
if local government, in particular, is to 
be successful in attracting and recruit- 
ing well-qualified personnel. However, 
the Committee’s report suggests sev- 
eral steps that might be taken to help 
alleviate the recruitment problem.’’ 


Copies of the report may be obtained 
for $2.00 from APWA, 1313 East 60th 
St., Chieago 37, Il. 


Smoke 


Cigarette smoking, currently under 
suspicion as a cause of cancer, now has 
been tabbed as a contributor to smog. 
Caleulations estimate that tobacco 
smoke adds almost 12 tons of contami- 
nants to the air of Los Angeles County 
every day. Based upon a survey of 
recent literature, an estimated 64,806,- 
230 cigarettes are smoked in Los An- 
geles County daily, yielding 9.267 tons 
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of particulates, plus aldehydes, organic 
acids, hydrocarbons, and carbon mono- 
oxide. 

In the United States in 1955, more 
than 400 billion cigarettes were smoked 
—about 800,000 a minute! 


Litterbugs—scatterpillars and strew- 
balls. 


Utility Relocation 


The New York Assembly approved 
a bill giving a Catskill farmer permis- 
sion to sue the state because his out- 
house was separated from the rest of 
his property by the state thruway. It 
would be of interest to learn the out- 
come of any action taken under this 
bill, although being a private utility 
its application to the relocation prob- 
lems of public utilities would probably 
be useless as a precedent. At least the 
farmer has displayed remarkable in- 
testinal fortitude. 


Heating Values of Municipal Wastes * 


Item B.t.u. 
Grease and scum............ . 16,750 
Fresh sewage solids. . 
Ground garbage 
Digested sewage and garbage . 8,020 
Digested sludge 5,290 


* Sanitary Engineering News. 


Penn Township, Pa. 


Once in a while someone takes 
sufficient interest in the Operator’s 
Corner and operators in general to 
drop a note to the Editor of the Cor- 
ner, telling of the unsung activities of 
an operator. Recently we heard some 
complimentary remarks concerning the 
Penn Township sewage treatment 
plant in Allegheny County (Pitts- 
burgh), Pa. Jim Volk, Superintend- 
ent of Utilities for Penn Township, 
has long furnished outstanding super- 
vision for the three sewage treatment 
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plants. In fact the Penn Township 
plants are used by the Pittsburgh 
Field Training Station, USPHS, in 
the training program for sanitarians. 

One of the things that impressed the 
training group was the consistently 
fine operation, year-in and year-out, of 
the Penn Township facilities. Refine- 
ments and improvements in operation 
have been apparent and plant person- 
nel have always been alert, indus- 
trious, courteous and business-like. 

Sewage treatment operations fre- 
quently assume a mundane routine 
and operating personnel feel that their 
work goes unnoticed. Superior opera- 
tion does not go unnoticed, although 
it may not be apparent to the operator 
at the time. We need more Jim Volks 
and well-operated treatment plants, 
but we also need more public and 
private recognition of the efforts of 
good plant operators. 


Lifesaving Fire Facts 


In the event of a fire there are two 
essential steps that could make the 
difference between life and death. 


First—Get everybody out of the 
house, building or other structure. If 
there is danger of explosion get far 
enough away, into strong masonry 
shelters, or lie on the ground. 


Seecond—Call the fire department. 
If the fire apparatus can reach the 
scene of the fire quickly, don’t take 
the risk of attempting to put the fire 
out. 


At any site where the control of 
fire is dependent on immediately avail- 
able fire-fighting apparatus (such as 
some sewage treatment plant sites 
where fire-fighting equipment will be 
delayed in reaching the fire) the fol- 
lowing equipment should be on hand: 


1. Fire extinguishers—Keep them 
handy. Inspect them at least once a 
year. Follow manufacturers’ instruc- 
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tions for refilling. Be sure they are 
UL-tested. Know how to use them. 

2. Water supply—lIf a public water 
supply is not available, a deep well or 
pond should be accessible to the fire- 
fighting equipment. 

3. Ladders—Ladders should be avail- 
able for quick exit from upper floors 
when stairways are cut off by flames. 
Provision for escape from basements 
and sub-basements should not be over- 
looked. 

4. Hoses, garden and industrial. 

5. Buckets. 

6. Hand-operated pump tanks— 
These tanks are easily operated and 
are extremely useful. 


Typical Laundry Waste Water 
Composition * 


pH é 9.0 to 9.3 
Alkalinity (above pH 7) as sodium 

carbonate (p.p.m.) 60 to 250 
Total solids (p.p.m.) 800 to 1,200 
B.O.D. (p.p.m.) 100 to 450 


* Sanitary Engineering News 


Simple Rules for Installing Factory- 
Jointed Clay Pipe 


The Clay Sewer Pipe Association 
the following rules for 
when installing such factory-jointed 
clay pipes as ‘‘Slip-Joint’’ and 
**Wedge-Lock”’ 


1. Be sure jointing surfaces are 
clean. When the first pipe length has 
been installed, paint the inside of the 
bell with solvent or adhesive recom- 
mended by the manufacturer of the 
pipe. 

2. After the bell is painted, im- 
mediately paint the spigot joint of the 
next length to be laid in exactly the 
same way. Do this in the trench 
not on the bank—because the tacky 
surfaces set quickly and tend to pick 
up foreign material. 

3. Position the top or one side of the 
spigot joint in the home position and 


suggests use 
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shove the pipe forward into the line 
by hand. A lever may be used to push 
heavier pipe home—but make sure no 
sharp metallic tool chips the bell end 
of the pipe. A wood eushion block will 
eliminate this danger. 

4. When the joint is in place, cover 
the pipe by hand with material taken 
from the sides of the trench before 
backfilling. Follow approved back- 
filling practices for all sewer lines. 


can reduce in- 
one-half, speed 
good workman- 


These simple rules 
stallation time up to 
the job, and produce 
ship. 


Safety Progress 


The Safety Committee of the Little 
Miami Sewage Disposal Plant, Cincin- 
nati, Ohio, has reported progress in 
correcting unsafe conditions. 
the corrective measures were: 


Among 


1. Low overhang to sludge pump 
chamber painted with diagonal yellow 
stripes. 

2. Three low-hanging flame traps in 
the compresser room had pieces of rub- 
ber hose (painted yellow) attached 
and extended 2 in. below the ends of 
the check caps. 

3. Ladder to roof of pump building 
rotated 90° to prevent personnel from 
falling into the stair well. 

4. Rubber mat installed in front of 
main electrical switch panel in pump 
building. 

5. Guards placed over drive belts of 
blower motors. 

6. Permanent ‘‘No Smoking’’ signs 
painted on doors or adjacent wall lead- 
ing to wet wells. 

7. Guard and mitre box installed on 
shop band saw. 


What safety precautions have you 
taken at your plant? Send your com- 
ments to THIs CorNER. 


4 
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Federation Affairs 


THIRTIETH ANNUAL MEETING PREVIEW 
Statler Hotel, Boston, Massachusetts; October 7-10, 1957 


* 


In CONJUNCTION WITH THE TWENTY-NINTH ANNUAL 
MEETING OF THE New ENGLAND SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 


* 
THE OFFICIAL PROGRAM 


SUNDAY, OCTOBER 6 


Afternoon 


Early Registration—Mezzanine Lounge 
Inspection of Exhibits—Mezzanine Floor 


MONDAY, OCTOBER 7 
Morning 


Registration—Mezzanine Lounge 

Inspection of Exhibits—Mezzanine Floor 

Thirtieth Annual Meeting Called to Order—Imperial Ballroom 
President Emil C. Jensen 

Invocation—Dr. Herbert R. Smith 

Welcome to Boston—Mayor John B. Hynes 

Reports of Federation Officers 

The New England Interstate Water Pollution Control Commission 
William S. Wise, Director, Connecticut State Water Resources Com- 

mission, Hartford, Conn. 


Afternoon 


Methods Employed to Protect the Environment Against Radioactive 
Waste Discharges From Nuclear Reactors 
James G. Terrill, Jr., E. D. Harward, and D. J. Nelson, Radiological 
Health Program, USPHS, Washington, D. C., Pittsburgh, Pa., and 
Idaho Falls, Ida., respectively 
The Effect of Syndets on Sewage Plant Operation 
Clair N. Sawyer, Professor of Sanitary Chemistry, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 
The Research Program of the U. 8. Public Health Service 
Harry A. Faber, Research Coordinator, Office of Engineering Re- 
sources, USPHS, Washington, D. C. 
Treatment of Combined Domestic Sewage and Industrial Wastes 
Leon S. Kraus, Chemist, Greater Peoria Sanitary District, Peoria, II. 
Discussion: John J. Curry, Connectient State Water Resources Com- 
mission, Hartford, Conn. 
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Evening 
FAMILY NIGHT ENTERTAINMENT—HFolk Festival 


TUESDAY, OCTOBER 8 
Breakfast 


Laboratory Scientists’ Breakfast—Laboratory Methods 
Wallace W. Sanderson, Leader, Assistant Director, Division of Lab- 
oratories, New York State Health Department, Albany, N. Y. 


Morning 


Experimental Studies and Operational Use of Synthetic Organic Co- 
agulants for Digested Sludge Filtration at Hyperion 
William F. Garber, Robert D. Bargman, and J. Nagano, Laboratory 
Director, Assistant Chief Engineer, and Chief Chemist, respectively, 
Hyperion Sewage Treatment Plant, Los Angeles, Calif. 
Discussion: Erman A. Pearson, Associate Professor of Sanitary Engi- 
neering, University of California, Berkeley, Calif. 
Design and Construction Problems of the Metropolitan Boston Sewer 
System 
Martin Cosgrove, Assistant Chief Engineer, Construction Division, 
Metropolitan District Commission, Boston, Mass. 
Recharge with Reclaimed Sewage Effluent 
Finley B. Laverty, Chief Hydraulic Engineer, and Arthur E. Bruing- 
ton, Civil Engineer, Los Angeles County Flood Control District, 
Los Angeles, Calif. 
Invitation to Sixth Inter-American Congress of Sanitary Engineering; 
San Juan, Puerto Rico; May 18-24, 1958 
Rafael V. Urrutia, President, AIDIS, San Juan, Puerto Rico 


Noon 


FEDERATION LUNCHEON 
Conservation of Natural Resources in New England 


Laurence F. Whittemore, Chairman of the Board, Brown Company, 
Boston, Mass. 


Afternoon—Concurrent Sessions 
RESEARCH SYMPOSIUM 
Techniques for Giving Chemical Identity to Organic Industrial 
Wastes 
Frank M. Middleton, A. A. Rosen, and R. H. Burttschell, Robert 
A. Taft Sanitary Engineering Center, USPHS, Cincinnati, 
Ohio 
Nitrogen Relationships in the Synthesis of Activated Sludge 
James M. Symons and Ross E. McKinney, Instructor and As- 
sistant Professor of Sanitary Engineering, respectively, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 
Bacterial Assay of Sewage and Polluted Waters by the Molecular 
Filter Technique 
Jack E. McKee, Associate Professor of Sanitary Engineering, Cali- 
fornia Institute of Technology, Pasadena, Calif. 
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Development of Design Criteria for Waste Stabilization Ponds 
E. R. Hermann, Medical Division, Humble Oil and Refining Com- 
pany, Baytown, Texas, and E. F. Gloyna, Associate Professor 
of Sanitary Engineering, University of Texas, Austin, Texas 


SEWAGE WORKS PANEL 
Evaluation of Program and Construction Grants for Sewage Treat- 

ment Under the Federal Water Pollution Control Act, Pub- 
lic Law 660 

Milton P. Adams, Leader, Executive Secretary, Michigan State 
Stream Control Commission, Lansing, Mich. 

Paul R. Bonderson, Executive Officer, California Water Pollution 
Control Board, Sacramento, Calif. 

B. A. Poole, Director, Bureau of Environmental Sanitation, In- 
diana State Board of Health, Indianapolis, Ind. 

A. F. Dappert, Executive Secretary, Water Pollution Control See- 
tion, New York State Department of Health, Albany, N. Y. 

David B. Lee, Director, Bureau of Sanitary Engineering, Florida 
State Board of Health, Jacksonville, Fla. 

Joseph C. Knox, Secretary, Interstate Water Pollution Control 
Commission, Boston, Mass. 

Gordon E. McCallum, Chief, Water Supply and Water Pollution 
Control Program, USPHS, Washington, D. C. 

Frank L. Flood, Partner, Metcalf and Eddy, Boston, Mass. 

Uniform State and Interstate Standards for the Design of Sewage 

Works 

George W. Martin, Leader, Manager and Chief Engineer, Green 
Bay Metropolitan Sewerage District, Green Bay, Wis. 

Earl Devendorf, Director, Division of Sanitation, New York State 
Department of Health, Albany, N. Y. 

John W. Townsend, Consoer, Townsend and Associates, Oak Park, 
Ill. 

Frank H. Miller, Chief Engineer, Hampton Roads Sanitation Dis- 
trict Commission, Norfolk, Va. 


WEDNESDAY, OCTOBER 9 
Morning 


CONCURRENT INSPECTION TRIPS 
Tour of Historic Boston and Environs 


William T. Sedgwick Laboratories of Sanitary Science and Pilot 
Plants, Massachusetts Institute of Technology 


Afternoon—Concurrent Sessions 


INSPECTION TRIP 
Metropolitan District Commission Nut Island Sewage Treatment Plant 


INDUSTRIAL WASTE SESSION 
Blaw-Knox Ruthner Process for Recovery of Acid From Spent Pickle 
Liquor 
T. F. Barnhart, Senior Process Engineer, Blaw-Knox Company, 
Pittsburgh, Pa. 
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Phenol Recovery by Extraction with Isopropyl Ether 
Norbert H. Kirchgessner, Technical Supervisor, Durez Plastics 
Division, Hooker Electrochemical Company, North Tonawanda, 
The Water Pollution Control Program of the Pulp and Paper In- 
dustry of the Pacific Northwest 
Vinton W. Bacon, Executive Secretary, Northwest Pulp and Paper 
Association, Tacoma, Wash. 
European Industrial Waste Treatment Practices 
Hayse H. Black, Industrial Wastes Consultant, Robert A. Taft 
Sanitary Engineering Center, USPHS, Cincinnati, Ohio 


Evening 
ANNUAL FEDERATION DINNER and DANCE 


THURSDAY, OCTOBER 10 


Morning—Concurrent Sessions 
THE OPERATORS’ FORUM 
William D. Hatfield, Leader, Superintendent, Decatur, Illinois, Sani- 
tary District, Decatur, 
Plant Loadings 


INDUSTRIAL WASTES FORUM 


L. L. Hedgepeth, Leader, Technical Consultant, Caleo Chemical Division, 
American Cyanamid Company, Bound Brook, N. J. 
Solving the Cooling Tower Blowdown Pollution Problem 


TECHNICAL PROGRAM COMMENTS 


An excellent technical program has been developed by the Program Commit- 
tee, under the chairmanship of George E. Symons. Asa primary source of first 
hand technical information, the program subjects have been selected with care 
Several concurrent sessions have been scheduled to meet the diversity of mem- 
bership interests and to keep the program within the period from Monday, 
October 7 to noon Thursday, October 10. 

The popular Operators’ Forum and the valuable Industrial Wastes Forum 
will be held concurrently on Thursday morning, and emphasis will be centered 
on discussions from the floor. Attendees are urged to acquaint themselves with 
the forum subjects and come prepared to participate freely. 

The Research Forum appears as a permanent program feature. State and 
federal stream pollution control programs, featured as a special symposium on 
the 1956 program, are scheduled this year for consideration by a special panel 
which will endeavor to evaluate the construction and program grants. 

The Laboratory Scientists’ Breakfast, which was a new feature last year, 
will he held again this year. 

Special emphasis will be given to industrial wastes on Wednesday afternoon, 
when the entire session will be given over to industrial waste papers. Con- 
current with this session will be an inspection trip to the Nut Island Sewage 
Treatment Plant of the Boston Metropolitan District Commission. 
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Technical sessions will be held in the Imperial Ballroom, Mezzanine Floor. 
Coneurrent sessions, however, will be held in nearby dining or meeting rooms, 
as scheduled on the official program. Efforts have been made to devote equitable 
shares of the technical program to industrial wastes and sewage works papers. 


SOCIAL FUNCTIONS 


The Family Night Entertainment on Monday evening will feature an in- 
formal group participation-type program. A New England Folk Festival will 
include general dancing and square dancing under skilled direction. There 
will also be colorful square dancing exhibitions. Country dance clothing— 
square dancing skirts for the women and dungarees for the men—will be the 
order of informal attire for a relaxing evening. 

The Federation Luncheon will be held Tuesday noon, with L. B. Whitte- 
more, Chairman of the Board, Brown Company, Boston, Mass., as speaker. 
Mr. Whittemore, a leading New England conservationist, will speak on ‘‘Con- 
servation of Natural Resources in New England.”’ 

There will be no general programmed events on Tuesday evening, allowing 
for dining and entertainment according to individual choice. Information on 
the dining and entertainment facilities of note in Boston will be available from 
the Local Host Committee. 

The always popular Annual Awards Dinner and Dance on Wednesday 
evening will be the social highlight of the meeting. This event will feature the 
annual presentation of the Federation awards and honors. Dress will be 
optional, and there will be music and dancing. 

The New England Sewage and Industrial Wastes Association has scheduled 
a dinner and business meeting for Tuesday evening at a nearby location. 

A dinner meeting of the Loyal Order of the Boar is scheduled at the Statler 
Hotel for Tuesday evening at 6 P. M. Arrangements are in charge of W. A. 
Hardenbergh and J. J. Gilbert. 


LADIES’ ENTERTAINMENT 


Special entertainment for the ladies will be centered around the historical 
attractions of Boston. These events will be in addition to those scheduled for 
Monday and Wednesday evenings, as outlined under ‘‘Social Functions.”’ 

The Women’s City Club of Boston on Beacon Hill will be the setting for the 
Get-Acquainted Tea Monday afternoon. Host for this opportunity to relax and 
meet and greet friends will be the New England Sewage and Industrial Wastes 
Association. Incidentally, the Club Building is considered one of Boston’s 
architectural treasures and the tea will provide an opportunity for a thorough 
inspection. 

An all-day visit to Old Sturbridge Village has been arranged for Tuesday. 
Here time will be turned back from the 20th Century and a New England 
country town of 150 years ago will be the scene of the day’s outing. Lunch 
will be served in the tavern on the village green. 

Wednesday morning a tour of historic Boston is planned, with stops at the 
home of Paul Revere, Old North Church, Bunker Hill, the old frigate ‘‘Consti- 
tution,’’ and other places of interest. 

Advance notification at the ladies’ desk will be necessary for the Tuesday 
and Wednesday events in order to facilitate transportation arrangements. 
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TECHNICAL INSPECTIONS 


Inspection trips are scheduled both in the morning and afternoon on 


Wednesday. 
one sightseeing trip. 


A total of three trips is planned 


two technical inspections and 


The William T. Sedgwick Laboratories of Sanitary Science and pilot plants 
at the Massachusetts Institute of Technology will be inspected during the tech- 


nical inspection trip Wednesday morning. 


The concurrent trip is the tour of 


historic Boston (see Ladies’ Entertainment). 
No advance transportation arrangements have been made for the trip to the 


Sedgwick Laboratories. 


The laboratories are near enough to the hotel so that 
individual or group taxi use is economical and convenient. 


Tickets for the 


sightseeing trip of historic Boston can be purchased at the registration desk. 
Wednesday afternoon the official technical inspection trip will be to the 


Nut Island Sewage Treatment Plant, Quincey, Mass. 


This treatment plant serves 


a large part of Metropolitan Boston and is the Metropolitan District Commis- 


sion’s largest treatment facility. 


Motor coach transportation for this inspection 


trip has been arranged at a nominal fare, and inspection trip tickets will be 


available at the time of registration. 


EXHIBITS 
The display of improved and new equipment and supplies will feature ex- 
hibits by members of the Water and Sewage Works Manufacturers Association. 
All available exhibit space has now been allocated to eligible manufacturers and 


suppliers. 


The latest developments in equipment for the treatment of sewage 


and industrial wastes will be exhibited, and informed company representatives 
will be on hand to supplement the displays with competent first-hand technical 


data. 


The following companies have scheduled representation in the exhibit : 


Airkem, Ine. 

American City Magazine 

Well Works 

Armco Drainage and Metal 
Ine. 

B-I-F Industries, Ine. 

Brown Company 

Burgess-Manning Company 

Carter Company, Ralph B. 

Chain Belt Company 

Chicago Pump Company 

Combustion Engineering, 
mond Division 

DeZurik Corp. 

Dorr-Oliver, Inc. 

Engineering News-Record 

Fischer and Porter Company 


American 
Produets, 


Ine., Ray- 


Foxboro Company 

Hardinge Company, Ine. 

Homestead Valve Manufacturing Com- 
pany 

Industrial Wastes 

Inertol Company, Inc. 

Infileo Ine. 

Jeffrey Manufacturing Company 

Johns-Manville 


Keasbey and Mattison Company 

Komline-Sanderson Engineering Corp. 

Lakeside Engineering Corp. 

Link-Belt Company 

Lock Joint Pipe Company 

Nichols Engineering and 
Corp. 

Pacific Flush Tank Company 

Pittsburgh Coke and Chemical Com- 
pany 

Public Works Publications 

Roots-Connersville Blower 
Dresser Industries, Inc. 

Simplex Valve and Meter Company 

Smith and Loveless, Inc. 

Stuart Corp. 

Vapor Recovery Systems Company 

Walker Process Equipment Ince. 

Wallace and Tiernan Ine. 

Wastes Engineering 

Water and Sewage Works 

Western Machinery Company 

W-K-M Division of ACF Industries, 
Ine. 

Worthington Corp. 

Yeomans Brothers Company 


Research 


Division, 
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REGISTRATION INFORMATION 
Boston is on EASTERN DAYLIGHT TIME through October 


Registration facilities will be located in the mezzanine of the Hotel Statler 
from Sunday afternoon, October 6, through Wednesday, October 9. Early 
arrivals are urged to register Sunday afternoon to avoid the Monday morning 
rush. On Monday, Tuesday, and Wednesday the desk will be open from 8:50 
AM to 5 PM. 

The men’s registration fee at $12.00 will include admission to the technical 
sessions, the Family Night Entertainment on Monday, and the Annual Awards 
Dinner and Dance on Wednesday evening. Separately the registration fee 
(required for admission badge to the technical sessions) is $7.00 and the 
Wednesday dinner and dance combination is $5.00. 

Ladies’ registration at $12.00 (incorrectly reported as $10.00 in the pre- 
convention flyer) includes the Monday afternoon Get-Acquainted Tea, the 
Monday evening entertainment, the Tuesday trip to Old Sturbridge Village and 
luncheon, the Wednesday morning tour of historic Boston, and the Wednesday 
evening dinner dance. Separately the tickets will be $7.00 for the special ladies’ 
events and $5.00 for the Annual Awards Dinner and Dance. 

Individual tickets will be sold for the Laboratory Scientists’ Breakfast 
on Tuesday morning, the Federation Luncheon on Tuesday, the tour of historic 
Boston on Wednesday morning, and the technical inspection trip to the Nut 
Island Sewage Treatment Plant on Wednesday afternoon. 


HOTEL ARRANGEMENTS 


A liberal allocation of rooms has been made available by the Statler Hotel 
for assignment to Federation members and guests. Reservations should be made 
early, however, to assure accommodations in the headquarters hotel. When all 
available rooms in the Statler are committed, reservation requests will be re- 
ferred to other nearby first-class hotels. 

Requests for reservations may be made on the forms provided with the 
advance notice of the meeting sent in July to all JourNnat subscribers, or directly 
to the Hotel Statler, Park Square at Arlington St., Boston 17, Mass., stating 
that the accommodations are desired in connection with the Federation meeting. 


LOCAL ARRANGEMENTS COMMITTEE 


The Local Arrangements Committee, under the general chairmanship of 
Frank L. Flood, Partner, Metcalf & Eddy, Boston, is composed of the chairmen 
of the following subcommittees: 


Registration Committee: J. S. Bethel, Jr., Chairman; B. Mills, III, Vice- 
Chairman; G. C. Coogan, J. F. Flaherty, R. F. Kelsey, J. D. Marr, Jr., and 
R. W. Muther, Jr. 

Hotel Arrangements Committee: J. C. Knox, Chairman; C. Y. Hitchcock, 
Jr., Vice-Chairman; J. L. Dallas, W. A. Healey, J. M. D. Suesman, A. E. 
Sulesky, and R. W. Thieme. 

Entertainment Committee: W. D. Brenchick, Chairman; H. Bergmann, B. P. 
Eaton, H. D. Kilgore, Jr., J. R. Masterson, and E. A. Symonds. 
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Sawyer, Vice-Chairman; Mrs. T. 


Finance Committee: 
F. L. Heaney and 8. M. Hurley, Jr. 
Local Host Committee: 


C. G. Hamann. 
Inspection Trip Committee: J. 


Now, for the first time, those plan- 
ning to attend the Boston Meeting of 
the Federation have the opportunity 
to pre-register and purchase tickets for 
all meeting events without the annoy- 
ance of the regular convention 
tration. This advance registration will 
save time—badge and tickets will be 
ready at the registration area. Checks 
may be postdated to October 10, 1957, 
if this should be a convenience. 


regis- 


If Plans Change 


Full refund will be made if the 
tickets and badge are not picked up 
at the Boston meeting. Tickets must 


be picked up a half-business day prior 
to the Tuesday luncheon and/or the 
Wednesday banquet, as the Federation 
guaranteed 


makes commitments for 
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R. W. Horne, Chairman; F. M. 
Chairman; E. L. Bond, W. H. Brown, T. R. Camp, E. 8. Chase, G. M. Fair, and 
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Ladies’ Entertainment Committee: Mrs. F. L. Flood, Chairman; Mrs. C. W. 
R. Camp, Mrs. E. 8. Chase, Mrs. E. B. Cobb, 
Mrs. J. B. Hanlon, Mrs. R. W. Horne, Mrs. E 
Mrs. W. E. Merrill, Mrs. B. Mills, II], and Mrs. R 
W. E. Merrill, Chairman; 


. R. Howard, Mrs. C. 
. W. Muther, Jr. 


A. Knapp, 
O. Baird, Vice-Chairman ; 


Cahaley, Vice- 


Bb. Hanlon, Chairman; Francis Bergin, Vice- 
Chairman; Dean Coburn, A. P. Fisichelli, C. V. 

Transportation Committee: RK. S. Burlingame, Chairman; D. A. Root, Vice- 
Chairman; F. R. Mahoney, Jr., R. M. Power, and L. J. Tierney. 


Hickey, and J. D. McDonald. 


PRE-REGISTRATION INFORMATION 


these functions. If the tickets are 
picked up later than this, there can be 
no guarantee of a place at these fune- 
tions. Should a part of the remittance 
go unused for this reason, it will be re- 
funded at the 
picked up. 


time registration is 

This plan is an answer to many re- 
quests for this convenience in years 
past. Future use will be determined 
by the response this year. The com- 
pleted registration card must be re- 
ceived in the Federation office by Oc- 
tober 1 to assure processing in time 
for the meeting. 

A postcard or letter request to the 
Federation of Sewage and Industrial 
Wastes Associations, 4435 Wisconsin 
Ave., N.W., Washington 16, D. C., 
will bring a registration card and com 
plete information by return mail. 
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Reviews and Abstracts’ 


Nitrite Reduction by Bacterium Deni- 
trificans in Relation to Oxidation Re- 
duction Potential and Oxygen Ten- 
sion. By M. Kerauver anp F, E. 
son. Jour. Bact., 73, 8 (1957). 

The authors studied the growth, nitrite 
reduction, and redox potential of culture 
of B. denitrificans in artificial organic sub- 
strate containing sodium nitrite. The cul- 
tures were aerated with pure nitrogen gas 
and with 0.5, 6, 10, and 20 per cent oxygen 
in nitrogen gas. 

Growth increased as the partial pressure 
of oxygen increased. Oxygen markedly in- 
hibited denitrification. At 20 per cent 
oxygen, there was no nitrite reduction. Ni- 
trite reduction decreased regularly with 
increasing partial pressure of oxygen in 
the gas from 0 to 20 per cent. The oxida- 
tion reduction potential curves showed a 
consistent tendency for the Eh to drop 
with time at all constant oxygen partial 
pressures, but naturally the magnitude of 
the drop was greater with lower oxygen 
pressures. Nitrite reduction occurred at 
potentials of about +200 mv. but there 
was no indication that the potential was 
a determining factor. The organism evi- 
dently uses both oxygen and nitrite simul- 
taneously, but uses oxygen preferentially. 
Anaerobic conditions are not required in 
order for nitrite reduction to oceur. 

H. HeEvKELEKIAN 


A Study of the Purification of Maize- 
Starch Factory Effluent by Anaerobic 
Digestion and Biological Filtration. 
By G. J. Sranper. Water and San. 
Engr. (Brit.), 6, 3, 108 (1956). 
Laboratory experiments on the treatment 

of corn starch waste are reported. Diges- 

tion proceeded smoothly with normal waste 
but the presence of excessive quantities of 
concentrated steep liquor caused failure. 


Hydrogen sulfide was produced during di- 
gestion. When it was removed, an average 
retention period of 3.1 days could be main- 
tained. In the control experiment, in 
which hydrogen sulfide was not removed, 
the retention period was 4.7 days. Vola- 
tile acids, in the digester from which hydro- 
gen sulfide was removed, were lower than 
in the control digester. 

The effluent from the anaerobic digestion 
process was mixed with domestie sewage 
and treated on trickling filters at the rate 
of 100 gal. per cubic yard per day. 

H. HEUKELEKIAN 


The Use of Radioactive Isotopes and 
Characteristic Bacteria in Tracing 
Sewage Pollution in the Sea. By H. 
B. Cocurane. Surveyor (Brit.), 115, 
173 (Apr., 1956). 

Two novel techniques for tracing the 
movement of sewage discharged directly 
into the sea are described. Radioactive 
phosphorous, P“, was added to the sewage 
and the movement was traced by following 
the radioactivity by means of a Geiger 
counter. Alternatively (simultaneously in 
the experiment), a culture of Serratia in- 
dica was added to the sewage. Sea water 
samples were subsequently recovered and 
examined culturally for the presence and 
numbers of the tracer organism. 

The two types of indicator had both 
merits and limitations. The radioactivity, 
when located, gave an immediate indication 
of the strength and position of the pollu- 
tion. However, it could only be detected 
at short range so that it was possible to 
pass quite near the pollution with no indi- 
cation of its presence. On the other hand, 
the results of the bacterial tests were not 
available until after six days of incubation. 
Either method, however, provides infor- 
mation less distorted by the effect of wind 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 


which might be suitable for abstracting in THIS JOURNAL. 


Publications of public health de- 


partments, stream pollution control agencies, research organizations, and educational institu- 


tions are particularly desired. 


Address such material: Federation of Sewage and Industrial 
Wastes Assns., 4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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than does the conventional method of using 
floats to estimate the movement of pollu- 
tion. 

The author suggests use of a combina- 
tion of all three techniques: floats to indi- 
cate the approximate area to be surveyed, 
radioactivity to give an immediate index of 
the presence and intensity of the pollution, 
and bacteriological tracers to provide cor- 
roborative data. 

M. C. Ranp 


Critical Evaluation of Methods for the 
Determination of Organic Content in 
Food Industry Waste Effluents. By 
KAZIMIERZ SKALSKI. Gaz. Woda é Tech. 
San. (Polish), 31, 1, 14 (Jan., 1957). 

In the analyses of the organic constitu- 
ents of food industry waste waters, either 
the permanganate oxygen demand (through 
the use of KMnQ,) or the biochemical oxy- 
demand (5-day or 20-day) may be 
used. The author suggests, on the basis of 
the data indicated in Table I, that the 5- or 
20-Day B.O.D. gives a better indication of 
the oxygen requirements of the waste con- 
stituents than does the KMnO, procedure. 
He feels that the KMnO, procedure may 
have advantages in certain instances for 
control tests but that the B.O.D. test is 
preferable even though it is admittedly 
more time consuming. The oxygen require- 
ments for the various organic substances 
considered are summarized in Table I. 

Conrap P. Srravus 
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The Effect of a Foam-Suppressor on the 
Aeration of Polluted Water. By A. L. 
DowNING AND K. V. MELBOURNE. Wa- 
ter and San. Eng. (Brit.), 6, 4, 148 
(1956). 

Experiments were run to determine the 
effect of foam-suppressor (Foamrex W) 
on the reaeration coefficient of water pol- 
luted with sewage effluents and containing 
anioni¢ surface active agents. It was con- 
cluded that the foam-suppressor used did 
not affect the rate at which polluted water 
absorbs atmospheric oxygen. 

H. HEUKELEKIAN 


A Bacterial Method for Tracing Sewage 
Pollution. By J. E. Rorson. Jour. 
Appl. Bact. (Brit.), 19, 2, 243 (1956). 
Serratia indica added to sewage was used 

to discover the distribution of effluent dis- 
charged into the sea. This organism has 
the advantage of producing a readily ree- 
ognizable red colony nutrient agar 
plates. The method has the disadvantage 
of slowness; results are known only after 
two days. This unfavorably 
with the radioactive tracer method in which 
the results are known immediately. The 
bacterial tracer constitutes no danger to 
health, however, and can be handled by un- 
trained personnel. The initial expenditure 
required for use of the radioactive isotope 
method is greater than that required for the 
bacterial method. 


on 
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TABLE I.—Oxygen Requirements of Some Organic Substances 


| Theoretical Oxygen 


KMnQ, for 
1,000 mg. of | 
Chemical 


Requirements per 
1,000 mg. to Con- 
vert to CO2 


Chemical Substance 


B.O.D. Requirements 
| per 1,000 mg. of Pure 
Substance 


Percentage of Oxygen 
Requirements Satisfied in 


and HxO | 5-Day 20-Day 5-Day | 20-Day 
(a) Actps 
Formic 126 250 186 250 34 100 
Acetic 5 1,066 700 900 } 66 } R4 
Propionic 14 513 1,300 | 1,400 | 86 | 93 
Butyric 6 1,818 1,150 1,450 | 63 | 80 
Valeric 4 2,039 1,400 1,900 69 93 
Oxalic 493 | 179 100 115 56 65 
Succinic 4 | 949 640 840 67 RY 
Lactic 1,015 | 1,067 540 } 960 51 90 
Citric 1,822 686 420 610 61 &Y 
Tartaric 1,492 533 350 460 66 86 
(6) OTHERS 
| | 
Ethyl alcohol | 165 | 2,090 1,350 1,800 65 86 
Glycerin 1,013 | 1,217 720 940 59 77 
Glucose | 2,355 970 580 860 60 89 
Lactose 1,544 1,066 | 580 860 | 54 80 
Dextrin | 846 1,185 | 520 | 840 | 44 71 
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Effect of Garbage Grinding on Sewers 
and Sewage Purification. Report oF 


THe INSTITUTE OF SEWAGE PURIFICA- 
TION. Surveyor (Brit.), 115, 178 (Apr., 
1956). 


This is a brief report of the following 
conclusions: (a) 
drains, due to garbage grinding, is un- 
likely; (b) sewage volumes are increased 
by 2 to 7 per cent when grinders are in 
general use; (c) the solids in sewage are 
likely to be about doubled; and (d) the 
solids present no difficulty in purification 
provided the treatment plant has sufficient 
capacity to handle the increased loading. 

M. C. Ranp 


clogging of sewers or 


The Influence of Oxygen on the Reduc- 
tion of Nitrate by Adapted Cells of 
Pseudomonas denitrificans. By V. B. D. 
SHERMAN AND I. C. MacRace. Can. 
Jour. Microbiol., 3, 2, 215 (1957). 

The reduction of nitrate by adapted cells 
of Pseudomonas denitrificans was studied 
in relation to oxygen concentrations pres- 
ent in the surrounding medium. No nitrate 
reduction occurred when oxygen was con- 


tinually present even at low concentra- 
tions. 

H. 
Radioisotopes in Sewage Treatment. 


By A. W. Kenny. 

(Mar., 1957). 

Summarizing the results of experience 
and experimentation, the author coneludes 
that workers in sewers and sewage treat- 
ment plants which receive radioactive iso- 
topes from hospitals, universities, ete., are 
not subject to any serious radiation hazard. 
The evidence shows that the equilibrium 
level of radioactivity on the surfaces of 
sewers, pumps, ete., are not hazardous to 
sewer workers, plumbers, or other mainte- 
nance personnel. To receive the maximum 
permissible weekly dose, a worker would 
have to be completely immersed for about 
9 min. in sewage containing about 0.1 
mierocurie per cubic centimeter. Both the 
event and the concentration are improb- 
able. 

Although bacteria can be killed by suf- 
ficiently large doses of radiation, the doses 
received by the organisms in_ biological 
treatment units receiving sewage containing 
radioisotopes in the concentrations now 
curring (10°° pe. per cubie centimeter or 


Surveyor, 116, 225 
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less) are so low that no effects are to be 
expected. 

In all eases of record, the radioactivity 
of raw sewage receiving radioisotopes from 
the sources previously mentioned is even 
than the level considered safe for 


potable water. M. C. Ranp 


lower 


Effect of Krebs Cycle Metabolites on the 
Viability of Escherichia coli Treated 
with Heat and Chlorine. By C. W. 
Cuampsers, H. Tapak, anp P. W. Kap- 
LER. Jour. Bact., 73, 77 (1957). 
When Escherichia strain Bor 

incubated in small numbers in 0.1 per cent 
solutions of Krebs cycle metabolites (such 
as sodium pyruvate, sodium citrate, oxal- 
acetic acid, and malice acid) there was a 
considerable the number of 
viable cells. Limited growth was also noted 
when a similar number of cells were in- 
cubated in M/10 phosphate buffer solu- 
tions. Suspensions heated to 71° C. for 
30 see. contained no viable organisms after 
exposure and no growth was observed after 
subsequent incubation in metabolites. Or- 
ganisms heated to 62° C. sufficiently long 
so that no survivors were left, did not dis- 
play recovery when subsequently incubated 
in metabolites. However, when heating 
was such that survivors were left, their 
numbers decreased following incubation in 
metabolites. 

Similarly, organisms exposed to a mini- 
mum chlorine dosage which resulted in zero 
survival, failed to recover when subse- 
quently ineubated in metabolites. How- 
ever, when a few organisms survived ex- 
posure to chlorine, incubation in metabo- 
lites produced large increases in the num- 
ber of organisms. Such increases were con- 
sidered the result of multiplication of sur- 
viving cells rather than recovery or reac- 
tivation of killed organisms. 

H. HeEUKELEKIAN 
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The Decomposition of Chloro-substi- 
tuted Aliphatic Acids by Soil Bacteria. 
By H. L. Jensen. Can. Jour. Micro- 
biol., 3, 2, 151 (1957). 

The decomposition of monoacetate, tri- 
chloro acetate and dichloro proprionate 
used as herbicides was studied. Three 
groups of bacteria capable of decomposing 
these chloro-substituted aliphatic acids were 
isolated from soil. While the ability to use 
simple organic acids as a source of energy 
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is common to many organisms, only a 
limited number possesses the ability to de- 
chlorinate them prior to decomposition of 
the organic radical. 

H. 


Effects of Synthetic Detergents on the 
Biological Stabilization of Sewage. 
By L. BARDEN AnD P. C. F. Isaac. 
veyor, 115, 917 (1956). 

trickling filters and 

Warburg respirometers were used to test 

the effects of the following detergents: 

“Teepol,” lauryl sulfate, alkylbenzene sul- 

fonate, cetylphridinium bromide, and “Lis- 


sapol. 


Sur- 


Laboratory-scale 


The following conclusions were reached: 

1. In the practical concentration range, 
synthetic detergents cause impaired filter 
performance by the strain thrown on the 
biological with 
material chiefly of a carbonaceous nature. 
A main eriterion is, therefore, the loading 
of the plant. 

2. Of the peculiar to 
thetic detergents, suppression of oxygen 
transfer rates is likely to impair filtration. 

3. With heavily loaded filters originally 
yielding first-class effluents, none of the 
major types of synthetie detergents is 
likely to cause a significant deterioration 
in performance, including nitrification, in 
concentrations below about 20 p.p.m. active 
agent. 

+, It appears likely that the activated 
sludge 
thetic 
tions may be lower. 


system by overloading it 


properties syn- 


more sensitive to 


and 


process is syn- 


detergents, eritieal concentra- 


M. C. Ranp 


Some Observations of the Effect of Syn- 
thetic Detergents on the Treatment of 


Sewage. By H. MANN anv D. W. M. 
HERBERT. Water and San. Eng. (Brit.), 
6, 5, 206 (1957). 

The results with laboratory-seale experi- 
ments on the effects of detergents on trick- 
ling filter effluents and activated sludge are 
reported. Artificial sewage was used. A 
mixture of equal weights of seven propri- 
etary washing powders (alkylaryl sulfo- 
nates) used in Britain was prepared and 
added to the artificial sewage. In the trick- 
ling filter experiments the concentration of 
the detergents added was 26.5 p.p.m. The 
dosing rate of the filters was 60 gal. (Imp.) 
per cubic yard per day and the average 
B.O.D. in the artificial sewage fed was 
187 p.p.m. 
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Determination of the detergent content 
in the settled trickling filter effluent showed 
that initially a removal of 80 per cent was 
obtained. This declined to about 30 per 
cent between the third and fifth week of 
operation and then increased to 53 to 72 
per cent thereafter until the end of the 
experiment in 24 weeks. 

The removal of synthetic detergents by 
the activated sludge process followed the 
same general pattern except for some quan- 
titative differences. The B.O.D. in the ef- 
fluent, with and without the addition of 
detergent, did not show a real difference in 
either the trickling filter or activated sludge 
processes. 


H. HeuKeLeKIAN 


Augmenting Water Supply Sources 
Through Agricultural Utilization of 
Municipal Sewage. By Jan Wikrz- 
BICKI. Gaz. Wodai Tech. San. (Polish), 
31, 1, 17 (Jan., 1957). 


The experience of the town of Bielefeld 
in augmenting its ground water resources 
through the utilization of municipal sew- 
age for surface irrigation is reviewed. The 
author coneludes that since the comple- 
tion of the sewage effluent utilization works, 
the ground and surface water tables in the 
were raised, and 620 hectares of 
formerly non-utilizable land have been con- 
verted into meadows, pastures, and plowed 
land, 


area 


CoNnRAD P. STRAUB 


X-Ray Fluorescence Determination of 
Barium, Titanium and Zinc in Sedi- 
ments. By G. J. Lewis, Jr. anp E. D. 
GOLDBERG. Anal. Chem., 28,1282 (1956). 
A description is given of the use of 

fluorescence from x-radiation in the de- 

termination of barium, titanium and zine 
in trace quantities in marine sediments. 


R. S. InGous 


Rapid Colorimetric Method for Nitrates. 
By M. H. Swann anp M. L. Apams. 
Anal. Chem., 28, 1630 (1956). 


Sample must be taken to dryness. It 
ean be accurately analyzed in milligram 
amounts, but the time required for analysis 
will be a function of the size of sample 
to be evaporated. The color reagent con- 
tains only ferrous sulfate in 75 per cent by 
volume concentrated sulfurie acid. The 


color is stable. R. 8. Incous 
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BIOSORPTION™ Activated Sludge Plant 


Neillsville, Wisconsin 
Consulting Engineers 


Davy Engineering Co., Inc 
La Crosse, Wisconsin 


SUPERIOR 
FEATURES 


PRESSURE RELIEF and 
VACUUM BREAKER VALVE 
with FLAME ARRESTER 


i. 


2. 


FIG. No. 5800C 


The multi-plate Flame Arrester bank 
has larger area than competitive units 
of same size. 


Much more flow per minute than 
same size competitive equipment, 
due to less capillarity and friction in 
the Flame Arrester passageways; 
streamlining and expanding passage- 
ways of Pressure Relief and Vacuum 
Breaker Valve. 


4, 


“VAREC"' Fig. No. 5800C 
Pressure Relief and Vacuum Breaker 
Valve installed on INFILCO unit. 


Easy to clean. Just loosen frame hold- 
ing Flame Arrester plates together — 
plates separate to permit easy clean- 
ing with distillate, chemical solution 
or wire brush. 


All aluminum construction makes 
“VAREC” Pressure Relief and Vacu- 
um Breaker Valve corrosion resistant. 
Lighter weight facilitates installation. 


The flame arresting element is identical to that listed by 
Underwriter’s Laboratories and approved by Associated 
Factory Mutuals Laboratories for use on oil storage tanks 
on which hazard is considerably greater than that generally 
encountered in sewage treatment plants. 

Send for ‘‘VAREC"’ Catalog S-3 today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street, Compton, California 
Cable Address: Varéc Compton California (U.$.A.) All Codes 


Available from Authorized Equipment Agents throughout the U.S. and Canada. 
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FIVE REASONS WHY 


Since the discovery of the activated sludge 
process (in 1915) only one diffuser material 
has stood the test of time. Only porous ceramic 
diffusers have been used with continued suc- 
cess. And more installations have been made 
with ALOXITE® aluminum oxide diffusers than 
all other makes combined. Hundreds are in 
operation—many after over 20 years’ service. 
Here are 5 reasons why: 

1. A highly uniform grain structure in ALOXITE 
diffuser plates and tubes assures a uniform, 
small-bubble diffusion. That means optimum 
oxygen absorption. 

2. ALOXITE diffusers have a relatively smooth 
surface. This fact, coupled with the glass-like 
ceramic bond that coats each grain, minimizes 
pressure loss and clogging. 

3. ALOXITE diffusers never lose their corro- 
sion resistance. 


4. ALOXITE diffuser plates and tubes are adapt- 
able to virtually every cleaning method. 

5. ALOXITE diffusers have great strength and 
ruggedness for long life. 


ALOXITE diffusers are available in plate or 
tube form, and in a full variety of grades. This 
permits maximum flexibility of design. It also 
lets you select the exact grade for a given func- 
tion (consistent with air supply quality, pres- 
sure loss characteristics, and over-all life). This 
is particularly important since the introduction 
of the oxygen absorption test. 


ANSWER ALL YOUR QUESTIONS | 
about porous media with this 
up-to-date 56-page booklet. 


CARBORUNDUM 


Trade Mark 
Write to: The Carborundum Company, Refractories Division, Perth Amboy, New Jersey. 
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esigned 
to meet modern 
requirements 


AMERICAN 


CAST IRON PIPE 


Modern plant design incorporates both 
efficiency and economy. That's why pip- 
ing in the $1,500,000 Village Creek Sew- 


age Treatment Plant of Jefferson County Pipe gallery with sludge suction, scum, and drain 
piping from primary clarifiers. American Cast 
Alabama, is American Cast Iron Pipe. Iron Pipe and Fittings 


The high flow capacity, strength, and 
resistance to corrosion of American Cast 
Iron Pipe contribute to efficient opera- 
tion of any modern plant. Its long, 
trouble-free service life adds the assur- 
ance of economy, as well. 

Get in touch with your American Cast 
Iron Pipe Company representative while 
your new plant or addition to an existing 
system is in the planning stage. You'll 
find his up-to-the-minute knowledge of 
modern methods and materials helpful. 


Aeration tank, metering station and primary clar- 
ifiers at Village Creek Sewage Treatment Plant, 
Pratt City, Alabama. 


New York City Chicago Kansas City Minneapolis Cleveland. 


Dallas « Los Angeles * San Francisco * Orlando « Pittsburgh » Denver 


BIRMINGHAM 2, ALABAMA 


| 
~ 
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CAST IRON PIPE CO. 
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WATER, SEWAGE AND TRADE-WASTE 
TREATING EQUIPMENT 


RECTANGULAR CLARIFIERS 


Especially suited for limited spaces or where sludge 
delivery is desired at one end of the tank. A travel- 
ing scraper and skimmer carriage removes settled 
solids from the tank bottom and scum from the top. 


FLOCCULATING UNITS 


Slowly rotating paddles on vertical shafts bring 
the small flocs into contact to form larger masses 


and hasten precipitation. 


CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes 
up to 200’ diameter, either center-column or beam 
supported for steel, concrete, wood or tile tanks. 
Sludge scrapers remove settled solids rapidly 
through central underflow discharge. 


“AUTO-RAISE” THICKENERS 


For removal of fine suspended solids from supply 
water, waste water and sewage. ‘“Auto-Raise” 
mechanism prevents scraper breakage. Manual 
or power raise supplements “‘Auto-Raise.”” Re- 
placeable ring-type ball bearing support for rotat- 
ing mechanism. Spiral rakes for maximum under- 
flow density. 


HYDRO-CLASSIFIERS 


A large-volume classifier for rapid separation of 
coarse and fine suspended solids. Frequently used 
for by-product recovery from waste water. 


AUTOMATIC BACKWASH FILTERS 
DIGESTERS 


For high removal of non-settling or slow settling 
suspended matter. Self-cleaning sand bed. No 
shut-down necessary for backwashing. Traveling 
backwash{mechanism. 


Sludge scrapers and scum breaker arms prevent 
scum accumulation, insure uniform gas production. 
Emit a dense digested sludge. 


Write for Bulletin 35-D-16 


HARDINGE 


COMPANY, INCORPORATED 


Main Office and Works 


New York + Toronto « Chicago + Hibbing + Houston + Salt Lake City - San Francisco 


YORK. PENNSYLVANIA 240 Arch St. 
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ONE-MAN Relieved 
For Other Jobs by New 
AUTOMATIC BUCKET DUMPER 


It’s like having an extra man in your 
Sewer Department at no extra cost. The 
“Flexible” Bucket Dumper is a simple me- 
chanical device that automatically does the 
job of the man formerly required to stand 
by the manhole and dump the bucket each 
time it came out of the sewer. 


To get the full 
Automatic 
Bucket Dumper 
story, write for 
name of your 


nearest Costing less than 3 weeks wages, it can 
Flexible be installed in 30 minutes on all existing 
Distributor. 


“Flexible’”’ Bucket Machines. And, of course, 
you should get the facts before buying new 
machines. 


FLEXIBLE INC. 
3786 Durango Ave., Los Angeles 34, Calif. 


(Distributors in 
Principal Cities) 
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We're Firing Your Most 
Dependable Helper! 


This is a carload of Bosco Trick- 


ling Filter Underdrain Block entering 
the preheat zone of our tunnel kiln. 
In a period of 26 hours these blocks 
will gradually rise in temperature to 
1800° F. degrees from hot gases 
directed under the firebrick deck or 
the car as it passes from zone to zone 
in the kiln. “Firing” fuses the par- 
ticles of shale into a solid mass oc 
vitrified material, inert in nature, 
with high structural strength, creat- 


ing a silent dependable helper for 
use in your trickling filter. 


Bosco Underdrains are depend- 
able helpers. They provide ventila- 
tion for the growths in the filter and 
drainage for the treated effluent, and 
they will continue to do so for the 
life of the filter. Properly installed 
underdrains never tire. 

For prices and estimating data 
please write Box 81, Bowerston, 
Ohio. Ask for a free “Handbook 
of Trickling Filter Design.” 


The Bowerston Shale Company 


P.O. Box 81 


Bowerston, Ohio 
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IMPROVE waste TREATMENT 


COMPLETE LINE to Meet Your Exact Needs 


Including many Exclusive Developments 


Utilize our many years of experience in the development and manufacture of 
municipal and industrial waste treatment equipment. Our staff of engineers is 
ready to cooperate with consulting and operating engineers in suggesting the 
process of treatment and type of equipment best suited to individual needs. 


BIO-ACTIVATION—exclusive system combines 
best qualities of trickling filter and activated 
sludge. Bulletin 259B. 


MECHANICALLY CLEANED SCREENS AND GRINDER 
—with intermittent automatic control. Design 
data in Technical Supplement MS. 


GRIT CHANNELS—exclusive Camp Chamber de- 
sign and Regulator permit easy and instant 
variation in velocity. Design data in Technical 
Supplement CR. 


GRIT SETTLERS—with conveyor, elevator, and 
exclusive Hydrowash unit which removes grease 
and organic matter from grit. Bulletin 249B. 


GREASE FLOTATION UNIT—removes grease and 
oils, produces simultaneous aeration and a ~- 
po and oxidizes objectionable odors. B 


SEWAGE AND SLUDGE PUMPS—hori- 
zontal and vertical pumps in wide range of 
sizes, capacities and heads—including cutting 
type primary sludge pumps, enclosed impeller 
type sewage pumps, single vane impeller type 
and recirculation pumps. Send 

Bull 


SEE US IN 
BOOTHS 12-13 


SLUDGE COLLECTORS—for rectangular cir- 
cular tanks... flight type and helicoid 
conveyors . sludge Bulletin 253B and and 
Technical Supplement T 


AERATORS—downflow mechanical air diffusion 
type provides thorough and adjustable ——- 
tion and circulation of liquor. Bulletin 265A. 


JET AERATION—exclusive method produces an 
unprecedented rate of oxygen absorption. 
Bulletin 265A. 


ROTARY DISTRIBUTORS—reaction and positive 
drive with exclusive trouble-free oil seal. 
Design in Technical Supplement RD. 


DOWNFLO FLOCCULATION UNIT—for slow 
and flocculation of chemicals in goonge tne 
ment Design data in Techn. 


Send for informative bulletins listed above. 


Inquiries on new installations or improvements 
of existing plants will receive prompt attention. 


AMERICAN- WELL Works 


FSIWA CONVENTION 
BOSTON, OCT. 6-10 110 


OUR 69TH YEAR 


AURORA, ILLINOIS. 


Offices Chicago New York Clevelond Cincemot Konsas City Soles Representotives throvghow the World 


Sewage Treatment, and 
Equipment 
RESEARCH ENGINEERING MANUFACTURING 
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Proceedings of Member Associations 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 29th Annual Meeting of the 
New York Sewage and _ Industrial 
Wastes Association was held at the 
3elmont Plaza Hotel, New York, N. Y., 
January 17-18, 1957. Registration to- 
taled 308 members and guests—the 
largest for a New York City meeting 
in recent years. 

The technical sessions featured pa- 
pers on the treatment facilities for the 
New York State Thruway; the Yonk- 
ers, N. Y., treatment plant of West- 
chester County ; housing developments ; 
and the industrial waste at a copper 
cable company. Sludge utilization in 
New York City for the production of 
topsoil and experiences with sewage 


disposal by transpiration were pre- 
sented in interesting papers. The Fed- 
eral Pollution Control Act (Public 
Law 660) was the subject for able dis- 
cussion by representatives of the U.S. 
Public Health Service and the New 
York State Water Pollution Control 
Board. 

A symposium on vacuum filtration 
was of particular interest to operating 
personnel and filter equipment repre- 
sentatives. In addition, those in at- 
tendance were brought up to date on 
synthetic detergent research. 

The noon luncheon was attended by 
191 members and guests. Federation 
President Emil Jensen spoke briefly on 
Federation activities. He presented 
the Bedell Award to Earl Devendorf, 
Director, Bureau of Environmental 


(Continued on page 392a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized”’ for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 
eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 
Since there’s never a charge or obligation to inspect your 
mains, call National now! 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building * BERKELEY, CALIF., 920 Grayson Street * 
BOSTON 15, MASS., 115 Peterboro Street * CHARLOTTE, N. C., 533 Hollis Road * 
CHICAGO, ILL., 8 So. Dearborn Street * DECATUR, GA., P. O. Box 385 * EL MONTE, 
CALIF., 2024 Merced Avenue * FLANDEAIU, S. D., 315 N. Crescent Street * KANSAS 
CITY, MO., 3707 Madison Avenue * MINNEAPOLIS, MINN., 200 Lumber Exchange 
Building * RICHMOND 21, VA., 2910 W. Clay Street * SALT LAKE CITY, UTAH, 502 
West 3rd Street * SIGNAL MOUNTAIN, TENN., 204 Slayton Street * VILLA PARK, ILL., 
424 S. Yale Avenue * MONTREAL, CANADA, 7445 Chester Avenue * WINNIPEG, 
MANITOBA, 576 Wall Street * BOGOTA, COLOMBIA, Apartado de Correos #5 * SAN 
JUAN 10, PUERTO RICO, Manquinaria, Apartado 2184 * LIMA, PERU, Bolivar 441-A, 
Marafi * CARACAS, VENEZUELA, Apartado 561 * OSLO, NORWAY, Radhusgaten 30 
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Since 1885 


Patented Discharge Louver 
of the Gruendler Sewage 
Shredder assures even flow 


Q. What is the Discharge Louver? 


A. The patented Louver is an in- 
genious Shredder-Grate Bar in- 
stalled in the Discharge of the 
unit. 


Q. What will the Louver accomplish? 


A. Enable the Shredder to disinte- 
grate larger quantities of rag stock 
with ease along normal run of 
sewage. 


View of Twin Shredder Installation 


Gruendler Sewage Shredders are 
very popular where Bar Screens are 
in use. Debris, leaves, sticks, rags, 
other matter quickly reduced, as- 
suring an even and continuous flow 
through system. Patented features 
overcome many of the difficult prob- 
lems. Earlier installations still func- 
tioning after 10-15 years of service. 


See the performance of a Gruendler 
Sewage Shredder in a City near yours. 
More than 280 Gruendler Shredder In- 
stallations! (locations mailed on request) 
| See your Consulting Engineer for data and | 
specifications on Gruendler Units. or | 
Write us for CATALOG—S.G. 10 without | 
obligation. Contains diagrams for instal- | 
lation, types and sizes of Units including 
Shredders, Garbage Grinders, Dry Sludge 

Shredders, Refuse and Compost Grinding | 
Equipment. ] 


GRUENDLER 


CRUSHER & PULVERIZER C9. 


2915 N. MARKET ST. Dept. SIW-957 ST. LOUIS 6, MO. 
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Sanitation, New York State Health De- 
partment, and the Hatfield Award to 
Fred W. Crane, General Manager, 
Buffalo Sewer Authority. 

The following Memorial Awards 
were presented for outstanding asso- 
ciation papers: 


The Kenneth Allen Award to F. W. 
Crane, G. W. Fynn, and C. R. Velzy 
for their paper ‘‘ Buffalo Sludge Dis- 
posal Facilities’? (THis JourNAL, 28, 
6, 765; June, 1956). 

The Lewis Van Carpenter Award to 
T. J. Pieczonka for his paper ‘‘Sus- 
pension of Secondary Treatment Dur- 
ing Winter Months’’ (Tuts JourRNAL, 
28, 9, 1178: Sept., 1956). 

The Charles Agar Award to K. S. 
Watson, W. H. Larkin, W. M. Stein- 
feldt, J. J. Baffa, T. V. Kenny, C. C. 
Coakley, and H. E. Lauman for their 
papers, which were presented in the 
panel discussion ‘‘Some Factors in the 
New Chemical Plant”’ 
JOURNAL, 28, 10, 1247; Oct., 


Loeation of a 
(THIS 
1956). 


At the annual business meeting the 
following officers were presented for 
1957 : 


President: Ralph F. Thomas, Port 
Washington. 

Vice-President: Francis J. Cramer, 
Rochester. 

FSIWA Director (1960): C. E. Irving, 
Schenectady. 

FSIWA Director (1959): Uhl T. 


Mann, Syracuse. 
Treasurer: J. C. Brigham, Albany. 
Executive Secretary: R. C. Sweeney, 
White Plains. 
R. C. SwWEENEY, 
Executive Secretary 


NEW ENGLAND SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 

The Spring Meeting of the New Eng- 
land Sewage and Industrial Wastes 
Association was held at Newport, R. L., 
June 5-6, 1957. Registration totaled 


(Continued on page 3940) 
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INCINERATION 


for the small community 


Morse Boulger Incinerator serving 
Lucos & Hunt Village, St. Louis, Mo. 


T. old-fashioned refuse dump—no matter 
how distantly located from the town—is still an eye- 
sore, a health menace and a nuisance. Haulage to 
it and bulldozing (which should be done anyway) 
cost money. 


Morse Boulger, while serving very large cities with 
high tonnage incineration, has never neglected the 
small community. It, too, is entitled to the best in 
incineration...which Morse Boulger Engineers can 
provide. 


Have your consulting engineer get in touch with us 
about your requirements. We have basic drawings 
all set up for several types of incinerators in a wide 
range of capacities. We can expedite the plan you 
need. 


MORSE BOULGER DESTRUCTOR CO. 


80-E 5th AVENUE NEW YORK Il, N. Y. 
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162 members and 21 ladies. The first- 
day technical program included the 
following papers: 


‘*Hypochlorination of Sewage,’’ by 
Clair N. Sawyer, Professor, Massachu- 
setts Institute of Technology. 

‘Use of Chemically Bound Oxygen 
in Waste Treatment,’’ by Ross E. Me- 
Kinney and Richard A. Conway, As- 
sistant Professor and Research As- 
sistant, respectively, Massachusetts In- 
stitute of Technology. 

‘‘The Cavitator in Small Sewage 
Treatment Plants,’’ by R. C. Gloppen, 
Yeomans Brothers Co., Melrose Park, 
Tl. 

‘Progress in Pollution Control in 
Rhode Island,’’ by Walter J. Shea, 
Chief, Division of Sanitary Engineer- 
ing, Rhode Island State Department of 
Health. 


The program on the second day was 
directed primarily to the sewage treat- 
ment plant operator. The papers fea- 


SEWAGE AND INDUSTRIAL WASTES 


tured sewage pump maintenance, gas 
chlorine feeders, sludge disposal, and 
operating problems. 

The luncheon meeting was addressed 
by Mayor Sullivan and City Manager 
Beck of Newport. Gordon McCallum, 
USPHS, Washington, D. C., spoke on 
the conservation of water through pol- 


lution control. The entire luncheon 
program was featured on the local 


radio station. 


Nominees for the 1957 Bedell and 


Hatfield awards are: 
3edell Award—Heunry F. 
Cranston, R. I. 
Hatfield Award 
son, Cranston, R. I. 


Munroe, 


Walter C. Ander- 


Thomas R. Camp, Boston, Mass., was 
selected as FSIWA Director for the 
1958 Board of Control to succeed W. S. 
Wise. 

Earut R. Howarp, 
Secretary-Treasurer 


SANITARY 
ENGINEER 


B.S. or M.S. 


Wanted to assist in pilot plant 


studies on waste disposal at 
chemical cellulose mill; leading to 
position as head of waste dis- 
posal group to be established. 
No experience required. Send 


resumé of qualifications to: 


Rayonier Incorporated 
P.O. Box 207 
Jesup, Georgia 

Attn.: Personnel Manager 


SENIOR SANITARY CHEMIST 
—$5840 to $7130 


The New York State Govern- 
ment has opportunities for Senior 
Sanitary Chemists in the Divi- 
sion of Laboratories and Re- 
search, Department of Health in 
Albany. At present two vacan- 
cies exist. New York State resi- 
dence not required. Must have 
bachelor’s degree with appro- 
priate courses AND one year 
satisfactory experience in Sani- 
tary Chemistry AND either (a) 
three more years satisfactory ex- 
perience or (b) appropriate mas- 
ter’s degree and two more years 
of experience. For full details 
write Recruitment Unit, Box 81, 
New York State Department of 
Civil Service, 39 Columbia Street, 
Albany, New York. Apply be- 
fore October 1. 
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Continued Progress 


om continues as usual for us; the heavy pace has not 
subsided, and our Coilfilter continues to be applied on a rela- 
tively nation-wide basis for the dewatering of sanitary sludges. 


In reviewing the year’s work, three important features stand 
out vividly. 


Kirst, the matter of optimum operating vacuum for dewatering 
of this class of sludges has been firmly established through re- 
search by our own laboratory, and has been determined to be on 
the order of 12’’ Hg. Paralleling our work were the efforts of 
Coackley and others who independently came to the same 
conclusion. 


Second, in the course of equipment development we have reached 
the position in which we now manufacture all of the specialized 
auxiliaries for the Coilfilter installations ourselves. This was found 
to be necessary not only from an operating standpoint but as a 
point of rendering topnotch service to the Operators of the 
plants. These auxiliaries involve mainly the chemical feeders and 
pumps, having design features well in advance of what is available 
in standard lines. 


Third, we are pleased to see repeat orders come to us through the 
recommendations of our Consulting Engineer friends. Engineers 
who have chosen our equipment through the years have come to 
realize the quality of our equipment and service; we note that 
one office has now used 14 Coilfilters in 8 years. Again, we wish 
to express our appreciation for the share of work we have been 
permitted to do during this most successful year. 


Respectfully, 
T. R. Komline 


KOMLINE-SANDERSON 
ENGINEERING CORPORATION 


MANUFACTURERS OF THE COILFILTER 


PEAPACK, NEW JERSEY 
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Get to know BERMICO 


Even as plumbing codes are being tight- 
ened up, more and more code authorities 
are approving BERMICO Sewer Pipe, the 
root-proof, long lasting, easy-to-install 
pipe for house-to-sewer or septic tank 
connections. 

The Southern Building Code Congress 
of States from Virginia to Texas, and the 
W.P.O.A. with members in all Pacific 
Coast States, have approved it. So have 
San Diego and nearly a dozen other coun- 
ties in California, as well as counties in 
many other states. In Salt Lake City, 
Oakland, Los Angeles, Portland, Oregon; 
Detroit, Milwaukee, Denver, Atlanta, 
Cleveland, Jacksonville, to name a few, 
city ordinances authorize its use. 


Made of tough cellulose fibre impreg- 


nated with coal-tar pitch, Bermico insures 
dependable connections with sewer lines. 
Light weight, resilient 8-foot lengths can 
be installed rapidly, joined instantly with- 
out sealing compound. BERMICO exceeds 
Federal Specifications SS-P-356 ... and 
Commercial Standard CS116-54. 

Your community’s interests will be well 
served by a modernized plumbing code 
that includes BERMICO. Write for com- 
plete data, Dept. BJ-9, our Boston office. 


BROWN [gf] COMPANY 


General Sales Offices: 
150 Causeway Street, Boston 14, Mass. 
Mills: 
Berlin, New Hampshire and Corvallis, Ore. 
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EASY 
OPERATION 
NO 

LEAKING ™ 

NO 
LUBRICATION 


WITH 


DeZurik Plug Valves 


... the only valves with Eccentric Action ! 


lubrication——of DeZurik Plug Valves are achieved by 
exclusive Eccentric Action ! 


The easy operation and dead-tight closure without EX 


OPEN FULL 


In a DeZurik Valve, the plug is pivoted eccentrically, 
the plug face touching the seat only when the valve is 
closed! The first fractional movement in opening the 
valve backs the plug away from the seat and the valve J o..5"Syur 
opens easily without friction, without sticking, without er 
lubrication! 


The resilient plug face closes dead-tight, despite solids in the flow, 
by sealing around grit or sand on the seat. And the single-faced 
DeZurik plug does not “trap” liquids in the plug to freeze or ferment. 


DeZurik Valves are manufactured in sizes from 
\"’ through 20’’ for manual or remote operation. 
Representatives in all principal cities. For more 
information write Dept. S, or SEE US IN BOOTH 
71 AT THE STATLER IN BOSTON, OCTOBER 
7-10. 


DeZuRIK 


CORPORATION 


SARTELL, MINNESOTA 
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Equipment and Supply Lines 


Pipe Joint Gasket—A rubber joint 
for coupling standard small-diameter 
bell and spigot concrete sewer pipe is 
described in a 4-page brochure. The 
joint gasket does not require pipe made 
to precision tolerances.—Hamilton Kent 
Manufacturing Co., 427 West Grant 
St., Kent, Ohio. 


Flow Meter—The Brown evenly- 
graduated float-actuated flow meter, 
for use with Parshall flumes and Cipo- 
letti, rectangular, or V-notch weirs, is 
described in Specification $222-1.— 
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Aves., Phila- 
delphia 44, Pa. 


Chlorine Gas Feeder—Bulletin 840- 
N10 describes the latest in the ‘‘chlo- 
rinizer’’ line of gas chlorine feeders. 
—B-I-F Industries, Ine., 345 Harris 
Ave., Providence, R. I. 

Metal Sewer Structures—The at- 
tractively prepared, fully illustrated 
Manual CMS-7456 is a comprehensive 
48-page manual on metal sewer strue- 
tures. Installation, design, and ref- 
erence data are included for the use of 


the engineer or contractor—Armeo 
Drainage and Metal Products, Ine., 


Middletown, Ohio. 


Laboratory Balance— Information 
on an analytical balance accurate to 
1/100,000 of capacity and data describ- 
ing a self-balancing 5,000-¢. scale are 
eurrently available—Arthur S. La- 
Pine & Co., 6001 South Knox Ave., 
Chicago 29, 


Corrosion-Resistant Plastic—Tetra- 
fluoroethylene resin, trade named ‘‘ Tef- 
lon’’ by du Pont, combines electrical, 
chemical, and thermal properties which 
are reportedly unmatched by other 
products. Pipe and tubing of ‘‘ Teflon,’’ 
as well as ‘‘Teflon”’ lined steel pipe, 
are readily available—Haveg Indus- 
tries, Inc., 900 Greenbank Road, Wil- 
mington 8, Del. 


Acid Handling System—A vacuum- 
type acid handling system using a wa- 
ter-operated ejector is reported to be 
safe and simple to operate.—Graver 
Water Conditioning Co., 216 West 14th 
St., New York 11, N. Y. 

Lime Slaker—A lime slaker that 
uses cold water and slakes quicklime 
in the form of a paste rather than a 
slurry is described in Bulletin 255/550. 

Infileo Ine., Tueson, Ariz. 

Chlorine Detector—<As little as 3 
p.p.m. of chlorine gas can be detected 
by the chlorine detector described in 
Catalog File No. 50.118—Wallace & 
Tiernan Ine., 25 Main St., Belleville 
9,N. J. 

Hydraulic Switch—Bulletin 1215 
describes an hydraulic switch for the 
control of hydraulic cylinder operated 
valves of all types. The switch is 
pneumatically actuated.—Infileo Inc., 
Tueson, Ariz. 


Radiation Monitoring Equipment— 
Data on various pieces of radiation 
monitoring equipment are currently 
available upon request—The Atomic 
Center for Instruments and Equip- 
ment, Inc., 489 Fifth Ave., New York 
17, N. Y. 

Chlorine Feeders — Comprehensive 
data are available on the ‘‘Sterelator’’ 
chlorine gas control equipment.—Ever- 
Manufacturing Corp., 214 West 
Huron St., Chicago 10, Il. 

Fabricated Venturi Tube—A light- 
weight venturi tube is available for the 
measurement of sewage and industrial 


son 


wastes.—Penn Instruments Division, 
Burgess-Manning Co., Philadelphia, 


Pa. 

House Sewer Pipe—<Asbestos-cement 
sewer pipe for house connections is 
available in 4-in. and 6-in. diameters. 
Coupling is made with a close-fitting 
collar—Keasbey & Mattison Co., Amb- 
ler, Pa. 
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DIRECTORY OF ENGINEERS 


(Continued through page 406a) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
CONSULTING ENGINEERS Engineers 
Charles B. Burdick Louis R. Howson 
Water. Sewage, Industrial Wastes and Incineration Problems Donald H. Maxwell 
City Planning, Highways, Bridges and Airports Water Works Water Purification 
hour Flood Control, Industrial Buildings Flood Relief 7 Sewerage Sewage 
Investigations, Reports, Appraisals and Rates Disposal, : Drainage, ’ Appraisals, 
THREE PENN CENTER PLAZA Power Generation 
PHILADELPHIA 2, PA. Civie Opera Building Chicago 


ANDERSON-NICHOLS JOHN J. BAFFA 
ompang onsulting Engineer 


Cc Iti Engi Sewerage & Sewage Treatment 
onsulting Engineers Industrial Wastes Treatment 
Water Supply, Distribution and Treatment, In- 


lustrial Waste Treatment, Sewage Collection and Design Plans & Specifications 
Disposal, Refuse Collection and Disposal, Drain- Investigations & Rate Studies 
75 West Street New York 6, N. Y. 
Concord, N. H. Boston 14 Baltimore, Md. 
MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 
Civil Engineers, Planners, and Surveyors Civil and Sanitary Engineers 
Municipal Engineers —Airport Design —Sewage Disposal Water Supplies Water Treatment 
Systems —Water Works Design and Operation—Surveys Sewer Systems Sewage Treatment 
and Maps—City Planning — Highway Design—Construc- 
tion Surveys—Pipe Line Surveys Industrial Waste Treatment 
Investigations 
Home Office: Rochester, Pa. 7 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 166 Crystal Lake, Ilinols 
THOMAS W. BEAK HOWARD K. BELL 
Consulting Biologist G. 8. Bett C. G. GarrHer J. K. Latraam 
Pollution Studies J. W. Finney, Jr., Assoc. 
Stream and Lake Surveys Sewerage Water Works 
Toxicity Tests Sewage Treatment Water Purification 
Biological and Chemical Analyses Refuse Disposal _ Swimming Pools 
Industrial Wastes 
113 Chartotte St., Ottawa, Ontario, Canada 553 S. LIMESTONE ST., LEXINGTON, KY. 


ONLY $66 PER YEAR BETZ LABORATORIES, INC. 


is the cost of a professional listing Consulting Engineers 

in this space. A card here will iden- Industrial Waste 

tify your firm with the specialized _ Industrial Water 

sewage and industrial wastes field and Ansiyele Design 


Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


will afford maximum prestige! 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

CLINTON L. BoGeRT FreEp 8S. CHILDS 

IvaAN L. BOGERT DoNALD M. DITMARS 

ROBERT A. LINCOLN CHARLES A. MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 

Drainage Flood Control 

Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—Industrial 
Wastes—Refuse Disposal— Municipal 
Projec I i 
jects—Industrial Buildings—Reports— 
Plans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers Streets 


Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
im 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Waterworks, Sewage Disposal, Airports 
Street Improvements, Power Plants 
Electric Distribution, Rates 


K. P. BUILDING DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 

F. G. Browne S. W. Kuhner 

W. G. Smiley C. R. Martin 

G. M. Hinkamp W. H. Kuhn 

Consulting Engineers 

Water - Sewage - Industrial Wastes - Power 

Reports, Designs, Construction 
Supervision, Investigations, 

Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 
Engineers - Architects - Consultants DIRECTORY OF 
KANSAS CITY, MO. 
PO. Bex 108 ENGINEERS 
Phone: DElmar 3-4375 
CAMP, DRESSER and McKEE CAPITOL ENGINEERING CORPORATION 


Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Re 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill, 


CONSULTING BIOLOGISTS 
Thomas Dolan Charlies B. Wurtz 
Freshwater and Marine Pollution Surveye 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


COTTON, PIERCE, STREANDER, INC. 
Associated C Iti 9 
Water Supply, Distribution, 
Sewerage, Sewage Treatment, Refuse Disposal 
132 Nassau Street, New York, N. Y. 
55 Caroline Road, Gowanda, N. Y. 
2718 Garfield Street, Hollywood, Fla. 
Colon 106, Havana, Cuba 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


Damon & Foster 
Consulting Ctetl Engineers and 
Swrceyors 
Sewerage, Sewage Disposal, Water Supply, 


Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs. 
BOSTON, MASSACHUSETTS 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


FINKBEINER, PETTIS & STROUT 


CarveTon S. FiInKBEINER E. Perris 
Harovp K. Srrovtr 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 


HOUSTON, TEXAS 
Industrial and Municipal Engineering 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High 
ways and  Structures—Dams—Drainage 
Works—Airports— Investigations—Valua 
tion—Design and Supervision 


¢ 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—-Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Misseari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosner 
Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations _ 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


607 Washington St. 
New York READING, PA. Washington 


Glace & Glace, Inc. 
Civil and Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) 
Pau! E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


DIRECTORY OF 
ENGINEERS 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal 


Municipal Improvements Town Planning 
Surveys 
Design, Supervision and Operation 
260 Godwin Avenue Wyckoff, N. J. 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


ONLY $66 PER YEAR 


is the cost of a _ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 


W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. S. Palocsay E. S. Ordway 


F. C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarp Hazen W. Sawyer 
Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. BLoss 
V. C. LiscHER 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Building, St. Louis 3, Missouri 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced engineering advice! 
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404a SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports-— Design—Construction 


1392 King Ave. Columbus 12, Ohioc 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Sewage Treatment 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


Take advantage of the services of these outstanding consultants! 
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Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


DIRECTORY OF 
ENGINEERS 


PARSONS, BRINCKERHOFF, 
HALL &@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


E. C. PATTEE 


Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 

Sewage Treat t, Public Bulldi Streets 

Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, H.C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Dis ; Industrial Wastes; Investigations 
ee Design ; Supervision of 
nstruction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rirrie V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Deaver 5, Colerade 


B. V. Hows 


Robert and Company 


Associates 
Engineering Division 
ATLANTA 
Water Supply - - - - - - - Incinerators 
Sewage Disposal - - - - - - Power Plants 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fia. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


SMITH and GILLESPIE 
Consulting Engineers 
All pe of 


Municipal Public Works & 
\tilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Illinois 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges— Highways——Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


ONLY $66 PER YEAR 


is the cost of a _ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


J. STEPHEN WATKINS 
J. S. WaTKINS G. R. 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engineers— Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
‘ater—Sewage 
Surveys—Research— Development— Process 
Engineering—Operation Supervision—Anal- 
yses—Evaluations and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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Albright & Friel, Inc. Harley, Frank E., and Associates 
Alvord, Burdick & Howson Harris-Dechant Associates 
Anderson-Nichols & Company Haskins, Riddle & Sharp 

Baffa, John J. Havens and Emerson 

Baker, Michael, Jr., Inc. Hazen & Sawyer 

Baxter & Woodman Henningson, Durham & Richardson, Inc. 
Beak, Thomas W. Horner & Shifrin 

Bell, Howard K. Hudson-Rumsey Co., Inc. 

Betz Laboratories, Inc Jenning-Lawrence Co. 

Black & Veatch Jones, Henry & Williams 

Bogert and Childs Kaighin and Hughes 

Bowe, Albertson & Associates Keis & Holroyd 

Boyle Engineering Kennedy, Clyde C 

Brown & Caldwell Knowles, Morris, Inc. 

Brown Engineering Co. Koebig & Koebig 

Browne, Floyd G., and Associates Lanning Sanitary Engineering Co., Inc. 
Buck, Seifert & Jost Lozier, Wm. S., Company 

Burgess & Niple Mebus, George B., Inc. 

Burns & McDonnell Metcalf & Eddy 

. amp, Dresser & McKee Nussbaumer, Clarke & Velzy, Inc. 
Capitol Engineering Corp. Parsons, Brinckerhoff, Hall & Macdonald 

Chester Engineers, The Pattee, E. C 

Cole, Chas. W. & Son Piatt & Davis 

Consoer, Townsend & Associates Pirnie, — Engineers 

Consulting Biologists: Dolan and Wurtz Purcell, : 

Cotton, Pierce, Streander, Inc. Riddick, ects M. 

Damon & Foster Ripple & Howe 

Electro Rust-Proofing Corp. (N. J.) Robert and  ataae Associates 
Fay, Spofford & Thorndike Russell & Axon 

Finkbeiner, Pettis & Strout Smith & Gillespie 

Freese & Nichols Stanley Engineering Company 
Fromherz Engineers Stilson, Alden E., & Associates 
Fulton, Edward A. Taylor, Henry W. 

Gannett Fleming Corddry & Carpenter, Inc. Watkins, J. Stephen 

Garrity & Mosher Weston, Eckenfelder and Associates 

Gilbert Associates, Inc. Weston & Sampson 

Glace & Glace, Inc. Whitman & Howard 

Greeley & Hansen Whitman, Requardt & Associates 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journal. When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 


407 
(a 
| 
| 
| 
| 
| 
| 
| 
| 
382a, 408a 
| 
| 
ae 
| 
| 
| 
| 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


A radically new and different 
approach to the treatment of 
domestic sewage and indus- 
trial wastes. 
Incorporating The 


Superate Filter 


A new method of digesting 
sewage sludge that makes 
' possible a reduction of up to 
> 80% in digester capacity re- 
quirements compared with 
conventional systems. 


for degritting sewage 


Proven for many years in a 
wide range of industrial and 
chemical processing applica- 
tions, the DorrClone Classi- 
fier has now been adapted to 
—_ the sewage treatment field 

j for removing grit from raw 
sewage and settled sludge. 


See these new developments at the FSIWA Convention in Boston. 


Our staff, as always, will be on hand to discuss the complete line of Dorr- 
Oliver equipment and techniques covering practically every step in every 
sewage treatment flowsheet. 


Stop at Booths 34 & 35 for the latest answers in sewage treatment. 


WORLD - WIDE RESEARCH ENGINEERING EQUIPMENT 
SO Ue « OED 
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Snap gasket on spigot end. 


For Superior, Infiltration-Proof Sewer Lines 


Push spigot home. 


LOCK JOINT ROLLER SUSPENSION PIPE WITH 
LOCK JOINT FLEXIBLE JOINT RUBBER GASKET 


Many engineers who demand the best 
in sewer lines specify Lock Joint Roller 
Suspension Pipe for their projects. In 
addition to its unusual strength, this 
concrete pipe offers premiums in 
durability, economy of installation 
and excellence of joint structure. 

Where a tight line is imperative, you 
will get best results by sealing Roller 
Suspension Pipe’s precision made 
joint ends with Lock Joint Flexible 
joint Rubber Gaskets. These gaskets 
require no joint compound or adhe- 
sive. Merely snap the gasket in place 


on the spigot end and force the spigot 
“home” in the bell. The joint thus 
formed will not only reduce your in- 
filtration problems to a minimum, 
but will also have such a degree of 
flexibility as to accommodate unusual 
deflections from ground settlement or 
other sources without endangering 
the complete tightness of the line 


Joint still tight when deflected. 


LOCK JOINT PIPE CO. 


East Orange, N. J. 


Sewer and Culvert Pipe Plants: 
Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Caracas, Venezuela 


Beloit, Wisconsin 
Chicago, litinois 


Rock Island, Illinois Denver, Colorado 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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W&T V-notch Chlorinator at Esso’s Baton Rouge Refinery feeds chlorine at rates up to 
500 Ibs./24 hr. over a 10 to 1 feed range. Other V-notch models are available with maxi- 
mum capacities from 500 to 2000 Ibs./24 hr. over a 20 to 1 feed range 


NEW W2&T V-NOTCH CHLORINATORS, 
are rugged—easy to operate 
—moderately priced 


The W&T V-notch Chlorinator installed at the Esso Standard 
Oil Co. Refinery, Baton Rouge, La. is housed in a shed open to the 
sun, weather, and water spray drifting from a cooling tower. The 
average water or sewage treatment plant operator would consider 
this rugged service for any piece of equipment. 

W&T V-notch Chlorinators have proven in this and other in- 
stallations that they can withstand rugged service. The design of 
new V-notch Chlorinators uses not only modern corrosion proof 
materials but a new concept of chlorine gas control, the W&T V-notch 
Variable Orifice. V-notch Chlorinators are easy to operate and main- 
tain. They provide the precise chlorine control that is expected from 
Wallace and Tiernan equipment. In addition, W&T V-notch Chlorina- 
tors are an attractive piece of equipment, colored soft green to fit 
into plant color schemes. 

Ask your local W&T representative for more information 
about W&T V-notch Chlorinators or send for Bulletin S-114. 


WV WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


LANCASTER PRESS, INC., LANCASTER, PA. 
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